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BULLETIN 256 MAY 1935 
DRAINAGE AND IRRIGATION, SOIL, ECONOMIC, 
AND SOCIAL CONDITIONS, 
DELTA AREA, UTAH 
DIVISION 2 
Soil Conditions 
D. S. JENNINGS and' J. DARREL PETERSON 
Utah Agricultural Experiment Station 
UTAH STATE AGRICULTURAL COI.JLEGE 
Logan, Utah 
FOREWORD 
Project 90-A Study of Factors Influencing the Financial 
Condition of Certain Utah Irrigation and Drainag·e Projects-
was undertaken in 1928 as an intensified study of local areas. 
T,his study was divided among four departments, with a project 
leader for each particular phase of the study. These four 
project leaders, guided by the Station Director, have constituted 
a committee in immediate charge of this project. Subprojects 
and their respective leaders are: A-Engineering and Engineering 
Economic Aspects, O. W. I.sraelsen; B-Soil Productivity Aspects , 
D. S. Jennings; C- Contributing Sociological Aspects , J. A. 
Geddes; and D-Economic Aspects, W. Preston Thomas. 
The Delta Area was chosen as the first locality to be brought 
under study. The findings and conclusions of this investigation 
have been or will be published under the general title: "Drainage 
and Irrigation, Soil, Economic, and Social Conditions, Delta 
Area, Utah," with the following divisions, each as a Station 
bulletin: 
Division I-Drainage and Irrigation Conditions (Utah Sta-
tion Bulletin 255). 
Division 2-Soil Conditions (Utah Station Bulletin 256). 
Division 3-Economic Conditions (Not printed). 
Division 4-Social Conditions (Not printed). 
Bulletin 256 (Division 2-Soil Conditions), the second of 
this series of four publications includes a study of soil con-
ditions on virgin or non-cultivated land. This type of Istudy 
eliminates the human factor from the soil factor and makes it 
possible to determine the initial or natural soil conditions. 
ERRATUM 
Utah Agricultural Experiment Station 
Bulletin 256 
Last two lines on page 25, immediately preceding 
Footnote 19, should appear on page 27, immediately pre-
ceding Footnote 20. 
DRAINAGE AND IRRIGATION, SOIL, ECONOMIC, 
AND SO~IAL CONDITIONS, 
DELTA AREA, UTAH 
DIVISION 2: SOIL CONDITIONS 1 
D. S. JENNINGS and J. DARREL PETERSON2 
DESCRIPTION AND TOPOGRAPHY OF AREA 
The Delta Area, Utah, is located approximately 140 miles southwest of 
Salt Lake City in the northe'astern quarter of Millard County. It lies along 
the lower and meandering course of the Sevier River, the southwestern 
corner of the area being approximately 20 miles northeast of the entrance 
of the river into Sevier Lake. · Within this area are located the towns of 
Delta, Hinckley, Oasis, Deseret, and Abraham. Figure 1 shows specifically 
the location, in legal subdivisions, of the area as referred to in this report. 
The Delta Area represents 115,200 acres lying within the limits of 
Townships 15 and 18 South, Ranges 6 and 8 West, Salt Lake Base and 
Meridian. It comprises all land included in Millard County Drainage Dis-
tricts Nos. 1, 2, 3, 4, the so-called South Tract, and some limited areas not 
included in any drainage district. 
The important topographic features of the Delta Area, which is a part 
of the Sevier Desert, may be classed into major and minor, as follows: 
Major: (1) An extensive terrace known locally as Lynn Bench; and (2) the 
low-lying and moderately sloping floor-lands of the portion of the Sevier 
Desert lying within this area. Minor: (1) The eroded channel (formerly 
aggraded) of Sevier River; (2) various channels formerly occupied by 
streams that have likewise been aggraded, subsequently streams having 
eroded channels through these aggraded sediments; and (3) occasional 
dunes and areas of slightly rolling topography of fine-textured soils. 
Acknowledgments: The authors wish to thank the other members of Project 90 Committee 
-Dr. O. W. Israelsen, Dr. Joseph A. Geddes, and Professor W. Preston Thomas-for the fine 
spirit of cooperation shown during the progress of this project; and Dr. R. J. Evans and Dr. 
Willard Gardner for helpful suggestions. Thanks are also due the farmers and owners of 
the land upon which the work was done, for their whole-hearted cooperation and assistance 
in obtaining data. The authors also wish to acknowledge their indebtedness to Mr. Delmar 
H. Webb who assisted in making the physical measurements and certain phases of the 
chemical analyses; Mr. John P. Nielsen, who painstakingly carried on certain phases of the 
chemical work; and Mr. Burnell G. West for assistance with soil-color determinations. 
lContribution from Department of Agronomy and Soile, Utah Agricultural Experiment 
Station. 
%In Charge, Soils Investigations; and Research Assistant, respectively. (Co-authors) 
Report on Purnell Project 90: A Study of Factors Influencing the Financial Conditions 
or Certain Utah Irrigation and Drainage Projects: Subproject B-Soil Productivity Aspects. 
Publication authorized by Director, March 26. 1935. 
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Figure I-A: Map of U tah showing location of the Delta Area. B: Map of the Delta Area 
showing legal subdivisions measured from Salt Lake Base apd Meridian. 
The topographic form known as Lynn Bench may be considered under 
the two following heads: (1) Lynn Bench proper (the present uneroded 
terrace) anti (2) its southern eroded extension. 
Lynn Bench proper is a terrace rising 50 to 75 feet above the lower-
lying lands of the desert floor; only a limited portion of the bench is within 
the Delta Area. It enters the area along the north and east borders but 
ends abruptly before extending much beyond a half mile within its border. 
The terrace stands out, however, as an important topographic feature of 
that portion of the valley immediately to the north and east of the area. 
Little more than the margin of the terrace, which is well-defined, is within 
the area under consideration. The surface of the terrace is smooth to 
gently rolling. 
It is believed that at an earlier date Lynn Bench extended farther south, 
approximately along the eastern boundary of the area to the south and 
east of Delta. The margin of this extension of the old terrace has been 
gradually eroded away, leaving a gradual slope between the surface of the 
old terrace plain and the low-lying lands of the desert floor, with here and 
there visible remnants of the old terrace. 
The low-lying land of the desert proper, which constitutes the major 
portion of the area under consideration, is a rather smooth plain, sloping 
gently to the south, north, and west from the western margin of Lynn 
Bench. This plain ranges from about 456!) to about 4640 feet in elevation, 
with a slope varying from 5 to 20 feet per mile. 
The Sevier River enters the area along the eastern border a short 
distance north of the town of Delta. It meanders generally southward, 
bearing slightly to. the west, until near the town of Deseret; then it turns 
to the west, continuing, however, to bear to the south and crossing the 
western border of the area about 2 miles north of its southwest corner. 
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For a distance of 6 or 7 miles below its entrance at the eastern border 
the present channel of the river is cut into the aggraded sediment, the cut 
being deepest at the margin of Lynn Bench; to the south of this margin, 
however, it is from 20 to 40 feet below the low-lying lands of the valley. 
The remainder of the channel is less deep and is cut into sediment that is 
mainly lacustrine. Evidence that the river has cut a number of channels 
in these lacustrine sediments is found in a number of remnants of old 
channels which, in some instances, may be traced for several miles. All of 
these old channels are somewhat aggraded above the surrounding lands 
of the desert floor. 
T.he Sevier River and Tenmile Hollow Creek, which is probably an 
old channel of the river, drain the Delta Area. 
The headwaters of the Sevier rise south and east of the area in the 
elevated plateaus of Utah. The river runs north on the east side of the 
Pavant and Canyon Ranges, turning abruptly south to the Sevier Lake 
at the northern extremity of the Canyon Range. 
SOILS OF THE AREA 
General Description 
In cooperation with the Federal Bureau of Chemistry and Soils, the 
Utah Agricultural Experiment Station in 1919 made a soil survey of the 
Delta Area. The results of that survey were published in 1922 by the 
Bureau of Chemistry and Soils as a part of the Field Operation Series.8 In 
the main, this publication is a report of a field study of the soils of the 
Delta Area. In 1928 the Utah Agricultural Experiment Station renewed 
its investigation of the soils of this area, this investigation being considered, 
at least in part, as supplemental to the field work done in 1919. 
In the earlier investigation (1919), the soils of the Delta Area were 
classified into (1) seven series, which may be said to represent a general 
classification and (2) eleven types with five type phases representing a 
more detailed classification. The seven series in the Delta Area are known 
as Abbott, Gordon, Woodrow, Oasis, Cache, Lynndyl, and Lahontan. All 
series, except the last two, are well represented in the agricultural or culti-
vated lands of this section. The names and distribution of the various types 
and phases are given in Table 1. 
A soil series may be defined as a group of soils having (1) approxi-
mately the same color, (2) the same sequence of changes in the soil profile, 
(3) a similar origin, (4) the same general type or types of minerals ' and 
rocks, (5) a similar climatic environment history, and (6) approximately 
the same age. It is a custom long practised by pedologists (soil scientists) 
to attach local names to the soil series, the name being taken from the 
area in which the soil series has first been observed. As indicated, the soil 
series grouping represents a more general classification. Greater detail 
is secured when use is made of texture or size of particles which compose 
the soil, thus indicating the degree of fineness or coarseness of the soil. 
The operation by which texture is determined is a mechanical analysis, and 
S"Soil Survey of the Delta· Area. Utah." By A. T. Strahorn. H. Stucki. and D. S. 
Jennings. U. S. Dept. Agr. Bureau of Soils. Advance Sheets: Field Operations of the 
Bureau of Soils. 1919. 1922. 
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Table I-Acreage of different soils, Delta Areal 
Soil 
Oasis clay ...... ......................................................... . 
Gordon clay .......................................... ... .. ............ . 
Friable phase ..................................................... . 
Slick phase ......... .. .............................................. . 
Oasis silty clay 
Loam ................................................... : ............... . 
Light-textured bench phase ........................... . 
Oasis fine sandy loam ......................................... . 
Bench phase ....................................................... . 
Abbot clay ............................................................. . 
Silty phase ......................................................... . 
Cache silty clay loam ........ ~ .................................. . 
Woodrow clay loam ............................................. . 
Woodrow clay ....................................................... . 
Lynndyl gravelly sandy loam ........................... . 
Cache loam ........................................................... . 
Lahontan clay loam ,., .",.".".,.",.".,.".".,.""" .. . "" 
Dune sand ........................................................... .. . 
Rough stony land ................................................. . 
lTaken from Soil Survey Report of Delta Area, 1919 :14. 
No. Acres 
28,480 
12,992 
1,856 
384 
14,400 
448 
13,440 
128 
8,960 
3,136 
11,392 
9,024 
5,376 
1,856 
1,408 
1,344 
512 
64 
Percentage 
24.7 
13.2 
12.9 
11.8 
10.5 
9.9 
7.8 
4.7 
1.6 
1.2 
1.2 
.4 
.1 
by it the particles of a soil are shown to be fine, medium, or coarse. Spe-
cifically, the material is separated into the following seven divisions: 
Division Size Limit (mm.) N arne of Size Group 
1 2.0 to 1.0 Fine gravel 
2 1.0 to 0.5 Coarse sand 
3 0.5 to 0.25 Sand 
4 0.25 to 0.1 Fine sand 
5 0.1 to 0.05 Very fine sand 
6 0.05 to 0.005 Silt 
7 Under 0.005 Clay 
The statement on mechanical analysis gives the percentage of each division 
found by this analysis. 
The terms or class names used to indicate the main textural character-
istics of soils are clay, loam, lS·and, clay loam, silt loam, silty clay loam; 
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silty clay, sandy loam, sandy clay loam, and sandy clay. While these terms 
are not new to agricultural literature, it is important to note that only 
recently have they been carefully and accurately defined.' 
To accurately standardize these ten soil classes, hundreds of samples 
of soil of each class were selected by experienced field men of the Federal 
Bureau of Chemistry and Soils. Each sample was analyzed to determine 
the percentage of each particle size indicated. From the mechanical analysis 
data thus secured, limits of variation in particle size for each of the ten 
classes were definitely fixed. 
When the soil series and the soil class names are determined, the two 
are used together to define the soil type or the soil unit of an area. For 
example, Cache loam is. a soil type or a soil unit, the surface soil of which 
is consistently a loam; in addition, it has a definite profile of cross .... sectional 
characteristics which are fairly constant. Of the ten main-textured classes 
noted, only five have been found in the Delta Area. These are clay, clay 
loam, silty clay loam, sandy loam, and loam. 
From the standpoint of draft, or their resistance to an implement such 
as a plow, their penetrability to water and plant roots, and the retention of 
water the soil classes may be grouped as follows: 
Soil Classes I 
Clay 
Clay loam 
Silty clay loam 
Loam 
Silt loam 
Fine sandy 
loam 
Sandy loam 
Other ooarse-
textured soils 
Draft or 
Resistance 
to Plow 
Heavy 
Heavy to 
medium 
Medium 
Light 
I 
Rate of I Plant Root Moisture 
Penetration Penetration 
Very slow Very difficult 
Slow Difficult 
Medium Medium 
Without 
difficulty, 
Rapid, and provided 
as a result sufficient 
droughty moisture is 
preseni 
Retention 
of Water 
Very high 
High 
Medium 
Low to 
very low 
A striking feature of the soils of the Delta Area is the high percentage 
of heavy (draft) soils. This is in sharp contrast to such areas as the Cache 
Valley Area. An examination of the soil survey report of the Delta Area 
(1922) S, together with the soil survey report of the Cache Valley Areafi , 
clearly shows this difference. A summary of data taken from these two 
soil survey reports is given in Table 2, which shows that if the soils of Cache 
Valley are taken as a standard the soils of 1fue Delta Area are extremely 
·"The Use of Soils East of the Great Plains Region." By .Milton Whitney. U. S. Dept. 
Agr. Bureau of Soils Bul. 78. 1911. 
"Grouping of Soils on the Bas,is of Mechanical Analysis." By R. O. E. Davis and 
H. H. Bennett. U. S. Dept. Agr. Dept. Cir. 419. 1927. 
GSee Footnote 3. 
fi"Soil Survey of the Cache Valley Area, Utah." By J. W. Nelson and E. C. Eckmann. 
U. S. Dept. Agr. Bureau of Soils. Advance Sheets: Field Operations of the Bureau of 
Soils, 1913. 1916. 
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heavy with respect to draft. The Delta Area contains over 5B per cent 
heavy draft soils and nearly 32 per cent heavy to medium draft soils; in other 
words, a total of approximately 85 per cent of the soils possess a texture 
which interferes seriously with cultivation. Cache Valley contains only 17 
per cent of the heavy draft soiLs· and about 28 per cent of the heavy to 
medium, or 45 per cent of the heavier draft soils. On the whole, Cache 
Valley soils are much more desirable for diversified agriculture than are the 
soils of the Delta Area because they contain nearly 53 per cent of the 
medium and light draft soils, while the Delta Area contains only about 20 
per cent of such soils. The fact that 85 per cent of the soils from the Delta 
Area consist of the heavier draft types makes this area one in which 
agriculture is materially hindered because of the difficulty in plowing and 
in cUltivating the land. 
Table 2. Draft of soils, Delta and Cache Valley Areas, 'Utah 
Draft 
Clay or heavy draft soils ............ ...... . 
Clay loam and silty clay loam I 
(heavy to medium draft soils) ...... I 
Total (heavier draft soils) ............... . 
Loam, silty loam, fine sandy loam 
(medium and light draft soils) .... 
Miscellaneous (soils with 
indeterminate texture) ...... .... ....... . 
Total ....... ..... .......................... 1 
Percentage of Area 
Delta Area I Cache Valley Area 
53.1 16.8 
31.8 27.5 
84.9 44.3 
14.6 52.7 
0.5 3.0 
100.0 100.0 
Data shown in Table 2 are not conclusive, since they fail to show that 
three of the clay typJ's of the Delta Area (Woodrow, Abbott, and Gordon) 
are more undesirable than most clay soils because they are somewhat 
extreme in clay properties. This ' characteristic on physical properties of 
the soils is apparent from data ,in Appendix Table 3 and in Table 4, and will 
be considered later in this report. 
At the beginning of this investigation in 1928 and later in 1932, a field 
study was made of the character of both the soil and the sub-soil. The 
soil profile of the entire cross-sectional area of the important soil types was 
carefully examined and samples collected from each "layer" or horizon 
visible to the eye. Each location was inspected before deciding on a place 
to sample. A trench, 3 or 4 feet in depth, was then dug, after which samples 
of soil were collected from a vertical exposure. Appendix Table 1 indicates 
location and soil horizon data as well as some laboratory data, all of which 
are discussed later. Samples collected were transferred to the Station 
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laboratory at Logan for a detailed measurement of physical and chemical 
properties. 
Soil Oolor 
Soil color has long been regarded as a highly important soil property. 
Generally speaking, the darker the soil (if otherwise similar), the better 
the soil. However, present methods for color classification of soils are not 
well standardized. Usually the individual making the classification observes 
the soil in the field and names the color either from memory or from ex-
perience. He does not match the soil with a standard color. This method 
is unsatisfactory for a detailed classification of color, because two colors, 
which appear different when placed side by oide, may appear to be the 
same when a long interval of time elapses between respective observations. 
A systematic method of color classification was attempted with the 
soils from the Delta Area. Samples of air-dried powder and lump soils 
were matched with standard colors taken from Ridgway's "Color Standards 
and Nomenc1ature".T This reference contains colors at given intervals 
apart throughout the entire color range. Three distinct scales are given 
by this author: (1) The first is the chromatic scale of pure colors, numbered 
from 1 to 72, with odd numbers shown in the text. This scale contains 
the six fundamental colors (red, orange, yellow, green, blue, and violet), 
together with adjacent mixtures of color. (2) ' The second scale shows the 
tone or amount of black or white mixed with the respective pure colors. 
The full color, which has the same intensity as the spectrum color, is not 
lettered. The percentage of white becomes gre..'lter going from "a" to "g" 
and the percentage of black becomes greater going from "h" to "n". Half 
of the tone colors are given. (3) The third scale shows the broken colors, 
or pure colors mixed with neutral gray. This scale runs from zero prime 
to five primes, each prime denoting the addition of more gray. 
To show how color data may be interpreted, the color "Pale Smoke 
Gray," which is 21" "f may be taken as an example. The number 21 repre-
sents the chromatic scale and indicates that the pure color is 25 per cent 
orange and 75 per cent yellow; the four primes ("") indicate that 10 per 
cent of this pure color and 90 per cent neutral gray make up the full color. 
The f represents the tone scale and shows that the color under consideration 
is composed of 55 per cent of the full color and 45 per cent of the white. 
Thus, "Pale Smoke Gray" is a color composed of a little orange and yellow 
and mixed with large quantities of neutral gray and white. 
Practically all soils from the Delta Area were fO)lnd to be either pure 
gray with pure color absent or pure gray mixed with a small amount of 
orange and yellow. The color number for each individual powdered sample 
is given in Appendix Table 1. Appendix Table ~ indicates the color number, 
name, and composition of the colors represented in the Delta soils. Table 3 
is more general and shows the percentage of large color groups represented 
in the various soil types. No attempt was made to interpolate between color 
numbers beyond where the author had left blank spaces. The color of 
T':Color Standards and Nomenclature." By Robert Ridgway. Published by the Author. 
Washmgton, D. C. 1912. (Press of A. Hoen and Company, Baltimore, Md.) 
Table 3-Color classification of soil samples representative of the soil types of the Delta Area 
Color Composition Soil Types 
Color I R,t;, ,f I Abbot Clay Gordon Clay Woodrow Clay Oasis Clay Oasis Silty Woodrow Clay I Cache Silty Oasis Fine Groups % Gray Color Group Clay Loam Loam Clay Loam Sandy Loam (%) White Pure I Yellow Name Lump \ Powder I Lump I Powder I Lump I Powder I Lump I Powder I Lump I Powder I Lump \ Powder I Lump I Powder I Lump I Powder Color Orange 
Classification According to Amount of Gray 
Pure Gray I .... 1 * I .... 1 Neutral and 42.51 29.8/ 20.0 13.5 21.8 0.0 / 0.0 I 0.0 I 3.1 3.0 0.0 0.0 2.5 0.0 0.0 0.0 
. 19 I 
I Gull Grays 
59.5 43.8 53.8 1 39.6 16.1 3.1 60.0 38.0 35.9 13.8 "" 
1 
.... 1 Drab and 42.5 40.4 62.5 48.6 46.7 5.9 
'" .... 13.35 
I Smoke Grays 
18.7 1 50.0 I 46.2 1 63.5 80.8 93.9 35.0/ 62.0 60.6 86.2 
/ 
.... 1 A vellaneous 6.4 29.8 15.0 35.1 53.3 94.1 
1 
/ 
I and Buffs I 91.4 1100.0 1 1 I Total I 1 I 97.5 97.2 100.0 I 93.8 1100.0 I 98.1 100.0 1100.0 I 95.0 100.0 1_ 99.0 1100.0 100.0 100.0 
Classification According to Yellow-Orange Ratio 
17 ..... -
----
0.541 Buffs and 17.0 I 27.7\ 32.5 29.8 34.41 62.5 1 67.41 86.5/ 90.5 97.0 55.0 I 66.5 I 74.5 86.0 86.81100.0 
IDrab Grays 
40.61 25.01 30.8/ 3.8 6.4 21 ---- 3.00 Olive Buffs & 31.9/ 36.11 42.5 27.0 0.0 35.01 14.0 15.4 5.5 0.0 0.0 
Total I 
I Smoke Grays 
48.9 63.8 75.0 56.8 75.0 87.5 \ 98.2 90.3/ 96.9 97.0 90.0 80.5 89.9 91.5 86.8 100.0 
Classification According to Per cent White 
B I 9.51 ---. ---- I 14.81 14.8/12.5 10.6 9.41 3.11 0.0 1 3.81 3.21 3.1/ 0.0 0.0 I 2.6 8.31 0.0 0.0 C 115.0 
----
.... _- 2.1 2.1 0.0 0.0 0.0 6.2 1 5.7 11.5 0.0 12.5 0.0 14.6\ 5.1 11.11 6.7 11.8 
D 122.5 ....... . .. .... / 23.0 1 21.3 7.5 18.8 15.6 25.0 I 9.6 ,30.81 19.4 53.1 15.0 47.6 17.8 19.4 6.6 29.4 
E 32.0/ ---. -.. -- 4.2 34.0/ 7.5 16.2 21.8 50.0 I 17.31 42.3 16.11 31.31 15.0 33.0 10.2 52.7 33.3 58.8 F 45.0 
----
.. _ ... 1 44.61 14.8 60.0 I 48.6/ 34.4 12.51 48.0/ 1.9 1 51.6 1 0.0/ 55.0 4.8 35.9 2.8 40.0 I 0.0 G 70.0 ....... -_ .... 6.3 2.1 8.0 0.0 12.5 0.0 19.4 3.8 6.4 0.0 15.0 0.0 28.4 0.0 11.8 0.0 
Total I 1 I 95.01 89.11 88.3 94.2 93.7 96.81100.0 94.11 96.7 100.0 100.0 100.0 100.0 94.~_1_ 9~_lQQ.CL 
-Infinity. 
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soils depends to some extent upon their 'physical condition. The lump soil 
used' consisted mainly of cylinders used for friability measurements and 
with extremely smooth surfaces. The powdered soils were left in an ex-
tremely loose condition. It was found when the p~dered soil was pressed 
with a smooth surface that it became the same color as the smooth lump 
soil. The lump soil contained more white and gray than the loose powdered 
soil. 
An observer in the field would interpret soils with a larger percentage 
of neutral gray as "dark soils" and soils with orange or yellow present as 
"light soils." The percentage of black or white in the soil would be of minor 
importance in determining whether a soil were dark or light as c{)mpared 
to the ratio of neutral gray to pure color. 
Soil color in the Delta Area varies considerably, according to depth and 
soil type. As a rule, the ,soil from 3 to 12 inches in depth contains the 
least amount of white. Abbott and Gordon clays have a larger percentage 
of smoke and neutral grays in the surface soil, with more buffs in the soil 
below 4 feet. Oasis clay contains some drab grays in the surface soil and 
buffs in the subsoil. Woodrow clay and all clay loam and silty clay loam 
soils contain a high percentage of buffs. They are practically free from the 
pure grays and contain a relatively small percentage of smoke and drab 
grays. Oasis fine sandy loam is entirely free from pure and sn;lOke grays. 
Nearly all samples of this type of soil were buffs, with the exception of a 
few drab grays·. 
Thus, Abbott and Gordon clays are the darkest soils of the area. This 
dark color, however, is not due to a large amount {)f organic matter, since 
they are as deficient in organic matter as other soils of the area (Appendix 
Table 6). As stated later, this dark color is probably due to the fact that 
these soils are older and existed when rainfall and organic matter were much 
more abundant. 
Friability, Relative Moisture Capacity, and Shrinkage 
Continuous records of the power necessary to pull a farm implement, 
such as a plow, through each of the s.oil types of an area would be an ex-
tremely interesting measurement of physical properties. In the opinion 
of the authors it would be the most practical 'measurement of those properties 
that could be made. KeenS, soil physicist, and his co-workers at the Rotham-
sted Experimental Station at Harpenden, England, have done considerable 
work along this line and, with the help of an implement company, have de-
veloped a dynamometer which may be hitched into the doubletrees in front 
of the plow and a continuous record secured at the time the farmer is plowipg 
his land. At the end of a plowing period this record can be translated into 
foot-pounds. 
The main objection to the dynamometer method of measuring soil 
properties is the expense involved. Not being able to secure such a field 
record, measurements in friability, relative moisture capacity, shrinkage, 
and apparent density were made as indicated in Appendix Table 3. The 
method used was a modification of that used by Christensen9 and was as fol-
SKeen, B. A. "The Physical Properties of the Soil." 1931. Longmans, Green and 
Company. London, New York, Toronto. 
9Christensen, O. "An Index of Friability of Soils." In Soil Sci., 29 :119-135. 1930. 
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lows: Two hundred grams of air-dry soil (i. e., enough to make five soil 
cylinders) were placed in a large casserole. A fine spray of water was' then 
made to play upon the soil as it was continuously stirred by a spatula. Water 
was added until the soil was just wet enough to be molded readily without . 
having the soil stick to the hands. The wet soil mass was then transferred 
to a flat surface and the mixing continued until the soil paste r€ached a 
uniform moisture content. The soil paste was then molded into a long 
cylinder, the diameter of which was a trifle smaller than the diameter of 
the steel mold. Portions of the long soil cylinder were pressed firmly into 
the steel mold, which had a length of 3.37 cm. and a diameter of 2.7 cm. 
(The molding apparatus consisted of a hollow steel cylinder supplied with 
a piston and threaded cap on the lower end. The length of the cylinder was 
regulated by means of the cap and the piston.) After pres·sing the wet 
soil firmly into the mold with the hands, the soil cylinders were removed, 
weighed, and placed in a desiccator containing water so that they would dry 
slowly without cracking. At the end of 24 hours the soil cylinders were taken 
from the desiccator and placed in a dark closet where they continued to 
dry for an additional 48 hours. Final drying of the soil cylinders was carried 
out by placing them for one day in an oven at a temperature of 110°C. At 
the end of the drying period, they were removed from the oven, cooled in a 
desiccator, weighed, and the length and diameter of each one accurately 
determined. 
The moisture for the most convenient molding was calculated by sub-
tracting the weight of the dry soil cylinder from the weight of the wet 
soil cylinder, dividing the difference by the weight of the dry soil cylinder, 
and multiplying by 100. The shrinkage coefficient was calculated by sub-
tracting the volume of the dry soil cylinder from the volume of the wet 
soil cylinder, dividing the difference by the volume of the wet soil cylinder, 
and multiplying by 100. 
The last determination to be made upon the soil cylinder was the 
compressive strength from which the index of friability was calculated. 
The soil cylinder was placed in a -specially prepared machine and the kilo-
grams of force necessary to crush the cylinder determined. The compressive 
strength, so measured, is dependent upon the size of the soil cylinder as 
well as upon soil type. Therefore, to eliminate the size factor in comparing 
the compressive strength of soils of one type with that of another type, the 
compressive strength per square centimeter was calculated by dividing the 
measured compressive strength by the cross-sectional area of the soil 
cylinder. Since these measurements give a direct clue to the ease with 
which an implement such as a plow can penetrate the soil, the data may 
be interpreted to better advantage by changing compressive strength per 
unit area to index of friability. This value was calculated for the Delta 
soils by multiplying the reciprocal of the compressive strength per unit area 
by 1000, i. e., by dividing the compressive strength per sq. cm. into 1 and 
multiplying by 1000. The purpose of multiplying by 1000 wa.s to give a more 
convenient unit, i. e., one of one or two figures to the left of the decimal 
place. The index of friability of soils is an ideal soil property for comparing 
soil types, because it has the advantage of increasing in value directly with 
the ease of crushing the soil. 
Results showing the average physical properties of each soil horizon 
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are given in Appendix Table 3. The average depth of plowing is approxi-
mately 7 inches. Therefore, the average value for the respective physical 
properties for the first 7 inches of soil was calculated for each soil type. 
These values, known as weighted values, are alo8o given in Appendix Table 3. 
Table 4 gives the average weighted value of the respective physical proper-
ties for each of the soil types. This table o8hows that the heavy soils have 
an extremely low index of friability, a high moisture for convenient molding, 
and a high shrinkage coefficient, while the lighter soils have a high index 
of friability, a low moisture for convenient molding, and a low shrinkage 
coefficient. 
Table 4-A verage of weighted values of physical properties 
Soil Types' 
Abbott Clay ___ ____________ __ ______ _ 
Gordon Clay .. ________ _____________ _ 
Woodrow Clay ___ ______________ __ _ 
Oasis Clay __ _____ _____ __ __ ____ __ ___ _ 
Woodrow Clay Loam __ ___ __ _ 
Oasis Silty Clay Loam ___ _ 
Cache Silty Clay Loam ___ _ 
Oasis Fine Sandy Loam ___ _ 
Friability 
Index 
5.98 
5.89 
6.07 
7.14 
11.61 
13.20 
9.01 
46'.24 
Shrinkage 
Coefficient 
30.85 
28.42 
25.87 ' 
24.16 
22.92 
15.15 
20.78 
8.36 
Moisture for 
Convenient 
Molding (%) 
37.87 
34.40 
32.26 
32.85 
29.49 
23.12 
29.37 
19.96 
The sons best fitted for ideal farming are those which are not too difficult 
to plow or to CUltivate, which are compact enough for plant roots to estab-
lish themselves firmly and to retain a portion of the soil moisture, and 
yet not so compact as to retard the movement of growing roots and soil 
moisture. Appendix Tabl~ 3 shows that Abbott clay, Gordon clay, and 
Woodrow clay have such a low index of friability as to be materially handi-
capped for general agricultural purposes. It would be rather difficult for 
plant roots or water to penetrate these soils, and it would be almost impossible 
to plow or to cultivate them satisfactorily. Oasis clay is not so extreme in 
clay properties and is consequently more desirable for agricultural pur-
poses. From the standpoint of draft and retention of moisture, the best 
soils of any extent in the area are Woodrow clay loam, Oasis silty clay loam, 
and Cache silty clay loam. However, they are not quite so desirable as a 
loam or silt loam. Oasis fine sandy loam is a trifle too light for most ideal 
farming. It has a high index of friability and is ideal for plowing and 
cultivation, but the soil cannot retain sufficient moisture to obtain maximum 
plant growth unless large quantities of water are applied. This soil is 
rather loose and bas a slight tendency to drift when the wind blows. 
Chemical Composition and Its Interpretation 
A total chemical analysio8 of a soil from each soil horizon serves a two-
fold purpose: (1) It assists materially in the classification of the soil and 
(2) it shows the total amount present of each element needed for plant-food. 
Such an analysis was made with soils from the most important soil types 
of the Delta Area. A brief outline of the method used is given in the 
14 UTAH EXPERIMENT STATION BULLETIN No. 256 
Appendix, results being shown in Appendix Table 6. Inorganic carbon 
dioxide was determined for a larger number of samples; hence, it is included 
in Appendix Table 1. 
The environment under which a soil develops determines to a large 
extent its chemical composition. A new or young soil is similar chemically 
to the rock from which it has been formed. After the soil is once in place 
and is not continually changing its surface, due to erosion or sedimentation, 
true soil development begins, with a resulting change in chemical compo-
sition. The nature of this change depends almost wholly upon the environ-
ment in which the soil exists. If the \Soil is in a humid climate, the more 
soluble substances, such as calcium carbonate and the bases and silica 
made soluble by hydrolYisis or weathering, are slowly removed from the 
soil and iron and aluminum hydroxides deposited in the subsoil. If it is a hot 
humid climate, all the combined silica is finally removed, while if the climate 
is cold and humid only a portion 'of the combined silica is removed. In an 
arid or semi-arid climate only a small percentage of the products of hy-
drolysis or weathering is removed from the \Soil and calcium carbonate 
accumulates in the subsoil. If in an arid climate the movement of the water 
is upward, water will evaporate from the surface, leaving "alkali" or soluble 
salts behind. 
The Delta Area is located in an arid climate, so one would expect to 
find an accumulation of calcium carbonate in the more fully developed 
soi1s. The presence or absence of such accumulation may be shown either 
by an analysis of the calcium or the inorganic carbon dioxide in the various 
horizons. An examination of Appendix Tables 1 and 6 \Shows that two 
soil series (Abbott and Gordon) have more calcium carbonate in the subsoil 
than in the surface soil. However, the accumulation is only slight and is 
not visible to the eye as is the case of extremely old soils which have a 
definite hardpan in the subsoil. These soils are probably older soils than 
those of the other series represented. It will be recalled from the dis-
cussion on soil color that the soils of thi,s series are darker in color than are 
the other soils. This darker color, however, is not due to the present organic 
matter (Appendix Table 6), for these ' soils are practically the 'same as the 
others with respect to total nitrogen or organic carbon. It is probably due 
to previous organic matter which left a permanent stain on the calcium 
carbonate. Probably this soil produced a heavier vegetation during the 
recession of Old Lake Bonneville. One soil type (Oasis fine sandy loam), 
although young, contains less calcium in the surface soil than in the deeper 
soil. This, however, may be due to drifting of sand by the wind. The sand 
which is shifted in the process contains less calcium carbonate than the 
underlying soil. 
The ten elements which are usually considered as essential to plant 
growth are hydrogen, oxygen, nitrogen, carbon, phosphorus, potassium, cal-
cium, magnesium, ,sulphur, and iron. To this list may be added other 
elements which are found in plant tissue in minute quantities, some of 
whiClh are probably essential for plant growth. Some of these elements, 
such as boron and copper, are highly toxic if more than a trace is present 
in the lSoil 'Solution. Only a few of the elements listed are commonly de-
ficient in soils. These are potassium, phosphorus, nitrogen, and sometimes 
calcium and sulphur. Carbon may be considered deficient when the soil is 
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low in organic matter. Organic matter is not used directly by the plant 
but makes possible the growth of bacteria so essential to plant growth. 
The addition of calcium to the soil, however, is needed to correct an acid 
condition much more often than it is needed to supply calcium as a plant-
food. 
There is no danger of the Delta soils becoming acid, however, because 
it is impossible for large quantities of inorganic carbon dioxide (Column 
7, Table 5) to exist in the presence of an acid. (Table 5, which is based on 
Appendix Table 6, gives the average percentage of a number of important 
chemical constituents in the first two horizons of the various soil types.) 
Table 5-A verage percentage of a number of important chemical constitu-
ents in the first two horizons of the various soil types 
Chemical Constituents 
Soil Type 
Abbott Clay .. ........ ... .. . ..... 0.235 2.13 0.098 1.08 10.27 7.95 
Gordon Clay ----_ .... _--_ .. _--- .. - 0.225 1.82 0.070 0.76 12.52 10.51 
Woodrow Clay .............. 0.237 2.28 
\ 
0.107 1.16 14.58 12.11 
Oasis Clay ...... ................ 0.240 1.98 0.083 0.90 17.12 14.96 
Woodrow Clay Loam .... 0.263 1.82 0.061 0.64 14.95 12.49 
Oasis Silty Clay Loam 0.260 2.00 I 0.061 0.85 15.18 12.68 
Cache Silty Clay Loam \ 0.249 2.16 1 0.103 1.26 15.20 13.50 
Average .......................... \ 0.2441 \ 2.032 \ 0.083\ .0.951 14.26\ 12.03 
lAverage P20~ (0.244) as phosphorus (P) = 1.07 per cent, or 4280 pounds in first foot of soil. 
2Average K20 (2.03 ) as potassium (K ) = 1.69 per cent, or 67,600 pounds in first foot of soil. 
It is a ssumed that the soil of one acre in area and one foot in depth weighs 4,000,000 pounds. 
Young soils, especially in arid districts where leaching is limited, 
usually contain a large supply of plant-foot elements. An examination of 
Table 5 show.s tJhat the Delta soils are no exception, for the plant-food 
elements are more abundant than in many high-producing soils of more 
humid regions.10 
An examination of Appendix Table 6 shows that the plant-food elements 
have not been leached from the soil, since the soils from the Delta Area 
contain an abundance of all these elements except nitrogen, whioh, while 
not deficient, is not as high as might be desired. A deficiency in nitrogen 
indicates that the organic matter is low, which is confirmed by the low 
qrganic carbon content of the Delta soils. The fact that the .total chemical 
analyses show a relatively larger amount of certain elements in the soil 
does not signify that everything is as desired concerning these particular 
elements. The excess may be in a highly soluble form detrimental to crop 
growth, i. e., in the form of alkali, or it may be in a highly insoluble form 
IOHopkins, Cyril G., "Soil Fertility and Permanent Agriculture." 1910. Chapter VI. 
Ginn and Company. Boston, New York, Chicago. 
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inaccessible for plant-food. The ideal situation would be for each necessary 
element to be in the form of a compound only slightly soluble so that it 
would not become an injurious "alkali" and yet would always be available 
for plant-food, since as soon as that in solution were removed more would 
come into solution. Calcium sulphate is a good example of such a com-
pound. 
A comparison of Appendix Tables 4 and 6 shows that a large portion 
of the sulphur in the Delta soils occur·s as soluble sulphate, although there 
is some in the form of slightly soluble sulphate, probably as gypsum (cal-
cium sulphate). In many instances the ,soluble sulphate is sufficiently 
high to materially intensify crop injury caused by soluble chloride and 
bicarbonate. (See discussion on "Alkali or Soluble Salts:.") While the 
soluble pota..ssium is not high enough to be injurious, it is high enough to 
nourish plant growth. Most of the potassium occurs in an insoluble form, 
which .may or may not become available when the soluble potassium is 
removed. It is probable, Ihowever, that the supply of potassium will be 
sufficient until the land has been cropped for some time. Large quantities 
of calcium are present in the soil in the form of calcium carbonate. Since 
this compound cannot exist in the presence of an acid, there is no danger 
of the soil becoming acid. The universal presence of high quantities of 
soluble bicarbonate in the Delta soils shows beyond doubt that these soils 
are definitely basic in reaction. 
Even though the chemical analyses show a sufficiency of total phos-
phorus, there is grave danger of the available form becoming deficient, 
because a high pR has a tendency to make phosphorus unavailable. Phos-
phorus, more tfuan any of the other plant-food elements, has a tendency to 
change from an available to an unavailable form. Before calcium phosphate 
can be effective as a fertilizer in basic soils it must be applied as mono-
calcium phosphate (CaR. (PO.) 2). If the soil is acid and contains soluble 
iron or aluminum, phosphorus forms an insoluble iron or aluminum com-
pound. If the soil is basic, tri-calcium phosphate is formed. The presence 
of soluble bicarbonate in the Delta soils shows that mono-calcium phosphate 
could not exist for a long period of time and would ultimately be changed 
to tri-calcium phosplhate. 
Alkali or Soluble Salts 
A large portion of the Delta Area contains "alkali" or soluble salts in 
such concentration as to be injurious and in some cases even prohibitive 
to plant growth. Some of this "alkali" was deposited with the soil; some 
has been brought in by irrigation water; but probably most of it has been 
brought in by upward movement of water throughout the past ages. Since 
irrigation began, there has been an added tendency to concentrate part of 
this alkali near the ·surface of local areas so that it bas become more toxic 
to plant growth. It is difficult to state how much alkali must be in the soil 
before it lowers crop yields because the tolerance of plants to "alkali" 
varies so much with conditions. . Tolerance is influenced by such factors as 
the nature of salt present, distribution of salt through the soil profile, soil 
type, moisture, temperature, and the genetic makeup of the plant. In spite 
of the large variation in tolerance of pJants to "alkali", figures are often 
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given showing the percentage of ifue various salts which can be in the soil 
before they become injurious. If, in interpreting these figures, the reader 
bears in mind the fact that alkali tolerance in plants varies according to 
conditions, a definite purpose would be effected by quoting them. The per-
centages usually given for the various salts are: Sodium carbonate, 0.1 or 
less; sodium chloride, 0.2; and sodium sulphate, 0.4. Crops may survive 
with percentage,s well above this, but yields are not satisfactory. Table 5 
and Appendix Tables 1 and 4 show that much of the soil from the Delta Area 
contains a higiher percentage of soluble salts than that given, while some 
areas contain many times as much. A summary.l of the alkali areas (those 
above 0.2%) and the alkali-free areas (those below 0.2%) showed that in 
1919 practically 85 per cent of the Delta Area contained alkali to the extent 
of 0.2 per cent or more. 
Soil samples- collected from the Delta Area in 1928 and 1932 (mainly 
from virgin or abandoned land) were analyzed for soluble salts by the 
electric-bridge method (Appendix Table 1r2. Some ,samples were also 
analyzed by the water-extraction method (Appendix Tables 4 and 5). The 
electric-bridge method is a rapid approximate method for the determination 
of total soluble salts but gives no clue as to their nature. It consists of a 
specially prepared "Wheatstone bridge," which measures the resistance of 
the wet soil to electricity directly in ohms. The percentage of soluble salts 
is then taken from a speaially prepared table. The water-extraction method 
consumes more time but is much more accurate and allows the determination 
of v~rious ions present. In making this determination, 500 cc. of water were 
shaken with 100 grams of soil and the water removed by filtering through 
a Pasteur-Chamberland filter. A portion of this liquid was evaporated and 
the residue or soluble salts weighed. Other portions were analyzed for the 
various ions present. A brief outline of the methods used is given in the 
Appendix. Results are recorded in Appendix Tables 4 and 5. Appendix 
Table 4 gives the various ions as percentage and Appendix Table 5 the 
milligram equivalents per 100 grams of soil. Appendix Table 5 makes it 
possible to check upon the accuracy of the determinations. Theoretically, 
for every' positive ion (cation), there must be a negative ion (anion) -; 
therefore, the total number of milligram equivalents of cations should equal 
the total milligram equivalents of anions. 
In examining Appendix Tables 4 and 5 it will be noticed that the pre-
dominating cation is sodium. There are small amounts of calcium and 
magnesium, but potassium is almost negligible. The predominating anion 
is chloride, with sulphate as a close second. All samples contain some 
bicarbonate ions, and a portion of them contain carbonate ions. The per-
centage of ,soluble carbonate and the ratio of sulphate to chloride is usually 
greater a small distance under the surface than at the surface. Most 
samples contain a larger amount of chloride than SUlphate, though there are 
few exceptions, especially in Township 17 South, Range 7 West. These 
exceptions, however, are mingled among samples in wlhich chloride pre-
dominates. 
A large portion of the Delta Area has been drained in order to improve 
uJennings, D. S., Gardner, W., and Israelsen, O. W. "Seepage of Ground Water and 
Its Relation to Alkali Accumulation." Utah Agr. Exp. Sta. Cir. 106:5 1934. 
l:olIt was planned to determine soil characteristics of the soil type. by the use of samples 
collected from virgin or undisturbed areas. 
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the land. One of the most important improvements to be expected from 
drainage of this sort is the removal of alkali. From Appendix Table 1 it 
is apparent that in 1928 and 1932 the alkali content of areas, mainly virgin 
and abandoned, was still extremely high. An examination of profiles from 
56 locations shows that all but five contain alkali well above concentrations 
usually considered toxic for plant growth. A comparison of these data, 
with the alkali map of the Delta Area made in 1919, indicates that the 
alkali content Ihas not materially changed. 
A better check on the efficiency of the drains to remove alkali is to 
make a study of the alkali content of soil under cultivation. Such a study 
was made in 1932 by George Whornham, Station Field Agronomist, on land 
devoted primarily to the production of alfalfa and alfalfa-seed. Mr. Whorn-
ham collected soil samples from each foot in the soil horizon from various 
locations. Several borings were made on each 40 acres under study and 
samples from the same depth composited. The composited samples were 
analyzed for total soluble salt content by the electric-bridge method. The 
averages for tfue first 6 feet are given in Table 6, together with those for the 
first 6 feet taken from the 1919 soil survey data. An examination of this 
table indicates that the average alkali content has not changed materially. 
In 1919 the average percentage was 0.58 and in 1932 it was 0.53. An 
exmination of each type of soil separately indicates that five of the eight 
types studied have not changed in alkali content, while in three of the 
coarser textured soils-Woodrow clay loam, Oasis silty clay loam, and 
Oasis fine ·sandy loam-the alkali has been slightly reduced. The alkali 
concentrations for 1932 (Table 6) are 'sufficient in aU locations to materially 
reduce crop yields and, in most cases if allowed to concentrate to any extent 
in the root zone, to reduce crop yields to an extremely low average. It should 
be remembered that this condition exists after a rather extended period 
(at leas.t from the Istandpoint of the drainage tax) of operation of the 
drainage system. 
One reason for this area being so slow to drain is the fact that the 
collodial fraction of the soil contains relatively large amounts of replaceable 
sodium (i. e., certain form.s of collodial sodium aluminum silicate). Un-
published data from the Agronomy and Soils Department of the Utah 
Agricultural Experiment Station13, as well as other experimental work 
throughout the world, show conclusively that if sodium is the predominating 
cation in the soil solution there will also be a large amount of sodium in the 
collodial phase. This replaceable sodium has a retarding effect upon the 
permeabi~ity of soil to water. Water will move through soil containing 
replaceable calcium much more rapidly than through the !same soil in which 
the calcium has been replaced by sodium. HarrisH has shown that in some 
instances the rate which water percolates through the soil is only one-one-
hundredth as fast after sodium has replaced calcium in the collodial phase 
of the soil. Kelley and Brown15 report that -soils containing any appreciable 
quantity of replaceable sodium are extremely difficult to drain. Their report 
shows that if either the soluble salts of the soil or the water used to irrigate 
13These data are now (April 1935) being organized for publication. 
HHarris, A. Evan. "Effect of Replaceable Sodium on Soil Permeability." In Soil Sci., 
32 :435-446. 1931. 
15Kelley, W. P., and Brown, S. M., "Principles Governing the Reclamation of Alkali 
S,?lls." (jalif. A~r. Exp. Sta. HI~GA~DIA: ~ :14!}-l77. 1934. ' 
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Table 6-Alkali on farming lan~ 
Location 
Alkali (%) 
1919 I 1932 
Abbott Clay (Silty Phase) 
Sec. 34, SE 1 of SE 1, T 16 S, R 7 W --- --- ----- -----1 0.45 Sec. 35, E ~ of SE 1, T 16 S, R 7 W ___________ __ ___ 0.19 
Sec. 28, NW 1 of SW 1, T 16 S, R 7 W __ ________ _____ _ 0.24 
Sec. 29, NE 1 of NE 1, T 16 S, R 7 W ________________ 1: __ 0_.2".-,4_----.!=---___ _ 
Average ______ ________ ________ __ __ ____________ ____ _______ _____ I 0.28 
I 0.46 
I 0.40 
I· 
0.60 
0.33 
I 0.45 
Abbott Clay 
Sec. 20, NW 1 of NE 1, T 16 S, R 7 W __ ___ __ ________ _ / 
Sec. 24, E ~ of SE 1, T 16 S, R 8 W ______ __ _______ _ 
Sec. 24, SE 1 of SW 1, T 16 S, R 8 W ___ ______ _______ \ 0.60 
Sec. 4, NE Lot of NW 1, T 16 S, R 7 W ____________ 0.49 
Sec. 13, SE 1 of SW 1. T 15 S, R 8 W ------- ---- ----- I 0.80 
0.89 0.54 
0.87 
0.85 
0.66 
0.53 
Average _____ ___ ____ ____________ __ ________ _________ __ _________ 1--0~69 0.67 
Gordon· Clay 
0.68 
0.57 
0.53 
. Sec. 28, SW 1 of SW 1, T 15 S, R 7 W _ ...... _-------- 0.45 
Sec. 32, SW 1 of NW l, T 15 S, R 7 W ____________ ____ 0.81 
Sec. 32, NW 1 of NW 1, T 15 S, R 7 W _________ ____ __ _ 0.81 
0.65 
0.48 
0.43 
0.59 
0.73 
Sec. 32, SE 1 of NW 1, T 15 S, R 7 W ______ ._________ 0.81 
Sec. 8, NW 1 of NW 1, T 16 S, R 7 W _______ __ ______ _ 0.50 
Sec. 12, NW 1 of NW 1, T 16 S, R 8 W ____ ___ ___ _____ _ 0.69 
Sec. 7, SW 1 of SW 1, T 16 S, R 7 W __________ _____ _ 0.36 
Sec. 30, NW 1 of NW 1, T 15 S, R 7 W ----- ---- ------- 0_.4_1 __ c ___ _ _ Average . _______ ______ _______________ ________ __ ___ __ ___________ I 0.60 0.58 
Woodrow Clay 
0.65 
0,70 
0.50 
0.48 
0.59 
0.49 
0.57 
Sec. 11, SW 1 of SW 1, T 17 S, R 8 W ---------- --- :-- I 0.84 
Sec. 28, SW 1 of NW 1, T 17S, R 7 W ------------- --- I 0.90 
Sec. 14, NE 1 of SW 1, T 17 S, R 7 W __ __ ___________ _ 1 0.21 
Sec. 14, SW 1 of SW 1, T 17 S, R 7 W ____ ____ ___ ___ __ 0.21 
Sec. 14, NW 1 of NW 1, T 17 S, R 8 W ______________ __ 0.84 
Sec. 5, NE 1 of SE 1, T 17 S, R 7 W ___ _________ ____ 1,. __ 0:..-..5_2 __ ~__.:::...:..:...:~_ 
Average -_________________ _____ ____ _____________ ______ __ ___ __ _ I 0.59 
Oasis Clay 
Sec. 11, SW 1 of NE 1, T 17· S, R 7 W ____ __ __ ______ __ 0.20 
Sec. 17, NW 1 of NW 1, T 17 S, R 6 W ___________ _____ 0.98 
Sec. 23, SW 1 of NE 1, T 17 S, R 7 W __ ________ ____ __ 0.29 0.75 
Sec. 8, NW 1 of SW 1. T 18 S, R 7 W _______ _________ 0.93 0.85 
Sec. 1, West 20 Acres of NW 1 of SW 1, T 17 S, R 7 W _____ . ______ _________________ .. _._. __ .. _. __ ._ .. __ __________ . 0.74 0.58 
Sec. 9, NE 1 of SE 1, T 16 S, R 7 W ... _ ... ___ .. __ __ 0.26 0.94 
Sec. 36, SW 1 of SE 1, T 16 S, R 7 W . _____ . _____ ____ :-_0-,-. ..,-20 __ .;.-_0_.2_9=---_ 
Average _____ .... __ . __ ._._ ....... _ .... __ ... _. __ .... __ .. ____ __ _ I 0.51 0.68 
Woodrow Clay Loam 
Sec. 24, NW 1 of SW 1, T 17 S, R 8 W . ____ ._. ____ ._._ 0.20 0.65 
Sec. 24, SW 1 of SW 1, T 17 S, R 7 W .. _____ __ . ___ ._. 0.90 0.45 
Sec. 35, SW 1 of SE 1, T 17 S, R 7 W __ ___ _________ ._ 1.00 0.70 
Sec; 24, W 1 of SE 1, T 17 S, R 7 W ________________ 0.96 0.63 
Sec. 36, SW 1 of SE 1, T 17 S, R 7 W __ _____ ____ ___ ._ 1.00 0.61 
Sec. 25, NE 1 of NW 1, T 17 S, R 7 W ___ ______ __ _____ : __ 0_.9_0=---_\-_0:...:..5:....:8=-----_ 
Average .. --.- -.-.. --------.. -------.. ---.-.. --- ------ -----.-- I 0.83 0.60 
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Location 
Alkali (%) 
1919 I 1932 
Oasis Silty Clay Loam 
Sec. 9, NE 1 of NE P, T 17 S. R 7 W ............ ····1 
Sec. 32, N i of SE 1, T 17 S, R 6 W ............... . 
Sec. 8, NW 1 of SW 1, T 17 S, R 7 W ............... . 
0.23 0.60 
0.75 0.70 
0.61 0.47 
Sec. 27, NW 1 of NE 1, T 17 S, R 7 W ............... . 
Sec. 22, SW 1 of SE 1, T 17 S. R 7 W ............... . 
Sec. 34, SW 1 of NW 1, T 17 S. R 7 W ............... . 
Sec. 21, NW 1 of SE 1, T 17 S, R 6 W ............... . 
Sec. 30, SE 1 of NE 1, T 17 S, R 6 W ............... . 
0.55 0.40 
0.51 0.32 
0.42 0.41 
0.19 0.36 
1.00 0.33 
Sec. 30, NE 1 of SE 1, T 17 S, R 6 W ................ :_----:=-=:--_;--------:~;--_ 
Average ...................................................... 1 
1.31 0.38 
0.62 0.44 
Cache Silty Clay Loam 
0.36 0.25 
0.80 0.55 
Sec. 36, SE 1 of SE 1, T 16 S. R 7 W ............... . 
Sec. 20, NW 1 of SE 1, T 17 S. R 7 W ............... . 
Sec. 20, NE 1 of SE 1, T 17· S, R 7 W ............... . 0.74 0.67 
Sec. 14, NE 1 of SE 1, T 17 S, R 7 W ............... . 0.40 0.52 
Sec. 22, SW 1 of NE 1, T 16 S, R 7 W ............... . 0.24 0.37 
Sec. 22, SW 1 of SW i, T 16 S. R 7 W ............... . 0.24 0.37 
0.38 0.36 
0.45 0.44 
Sec. 27, NW 1 of NE 1, T 16· S. R 7 W ................ : __ -::--:-::::--_-+-_-::-:-:--_ 
Average .................................................... .. 1 
Oasis Fine Sandy Loam 
Sec. 6, SE 1 of SE 1, T 18 S, R 7 W ............... . 0.76 0.50 
Sec. 16, E i of SW 1 of SE 1, T 17 S, R 7 W ....... . 0.51 0.28 
Sec. 18, NE 1 of SE 1, T 17 S, R 7 W ............. , .. 0.94 0.30 
Sec. 21, SE 1 of NE 1, T 17 S. R 7 W ............... . 0.20 0.38 
Sec. 17, S i of SE 1 of SW 1, T 17 S. R 7 W ....... . 0.51 0.30 
0.55 0.38 
0.58 0.36 
Sec. 16, NE- 1 of SE 1, T 17 S, R 7 W ................ :_----;:-=-::_-----;-_--;:--;::-;:-_ 
Average ...................................................... 1 
Average for all Samples ........................ / 0.58 0.53 
or flood the soil contains a high ratio of calcium to sodium, the replaceable 
sodium may be leached out through the drains, and that if this condition 
does not exist it will be almost impossible to reclaim the land unless it is 
treated with chemicals. When drains are placed in land containing large 
quantities of soluble sodium salts the movement of water will at first be 
relatively rapid, but as the alkali is removed the replaceable sodium will 
ionize and deflocculate the soil and thus check this movement. This retarda-
tion takes place when the alkali is low enough for the land to produce crops 
and yet not low enough to permit high yields. The last traces of alkali 
are more difficult to remove. An examination of Appendix Table 5 shows 
that in the Delta Area the soluble sodium is much higher than the soluble 
calcium. Most of the soil samples contain approximately 2.5 to 3 times 
as many milligram equivalents of sodium as of calcium, with a few samples 
containing a much higher ratio of sodium. An analysis of the water from 
the Sevier River near Delta by Greaves and Hirsee shows that it contains 
nearly twice as much sodium chloride as calcium bicarbonate. The com-
lGGreaves. J. E .• and C. T. Hirst. "Composition of Irrigation Waters of the State." 
Utah Agr. Exp. Sta. But 163. 1918 
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pounds indicated account for most of the sodium and calcium in the water, 
and when they are calculated to milligram equivalents it is found that the 
amount of sodium is nearly three times that of calcium. The ratio of 
sodium to calcium in the water of the lower Sevier River is too high for 
effective drainage. This constitutes an added and important reason for the 
slow rate of drainage. 
Profile of the Soil Types 
In the virgin state, and even in areas abandoned for a few years, all 
soil types of the area, except Oasis fine sandy loam, show the following 
horizonal characteristics: (1) A thin crust on the surface, usually not more 
than 1/8 to 1/16 inch in thickness. (2) A fine granulated or flocculated 
mass of clay aggregate, 2 to 4 inches in depth, immediately beneath and ad-
hering to the under-surface of the crust. These clay aggregates (referred 
to in the notes as mulch, Column 4, Appendix Table 1) function as single 
particles, much as the particles in a mass of sand. (3) A slig-htly compact 
layer which, in the case of Abbott clay, Woodrow clay, and Woodrow clay 
loam, increases, usually gradually but sometimes abruptly, to compact and 
later to extremely compact horizons. 
Column 4, Appendix Table 1, represents a transcript of the field notes 
which were taken when the samples were collected. The compaction indi-
cated qualitatively represents the fieldman's judgment of the relative density 
or lightness of the horizons. It should be noted that compaction to any 
degree is restricted to the Abbott, Gordon, and Woodrow series. and that 
concentration of inorganic carbonates (Column 8, Appendix Table 1) ac-
companying thi,s compaction is restricted to the Abbott and Gordon series. 
The compaction referred to in Column 4 may be partly attributed to 
pedogenic (soil) processes, i. e., to reactions in the soil in place or, to some 
extent, to mode of origin of the soil material (differences in the material 
deposited when the soil material was laid down). Since, however, no evidence 
can be ·seen of stratification and Isince the limits of the "layers" or horizons 
are indefinite, this compaction must be due in part to processes going on 
within the soil; it, therefore, marks a stage in the development of the soil 
profile and is an indication of the relative age of the soil. 
To a ·large extent in soil of arid regions, such compactions are accom-
panied by accumulation of inorganic carbonates (mainly lime carbonates), 
and when this accumulation occurs in the soil profile it ils. an added indication 
of age. The processes responsible for compactions and concentration of 
. lime carbonate in certain soil horizons of the soils of arid regions continue 
to operate under natural conditions until a definite hardpan has developed. 
The soil is then classed as an old soil. 
Soil types are found within this state which represent all stages of this 
development from youth (the beginning of the concentration of lime in 
certain horizons of the profile) to an old age, where a definite dense lime 
hardpan, containing as much as 80 per cent inorg:\nic carbonate, has devel-
oped in these horizons. 
The stage of development of the soil protile, or the age of the soil, has 
an important bearing on the capabilities of the soil and, therefore, is 
significant as an indicator of the best use to which land may be put. Youn ' 
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soils of ' the intermediate soil classes, such as loam, silt loam, silty clay 
loam, and fine sandy loam, are generally pervious and offer relatively 
little resistance to penetration by water or plant roots and yet are fairly 
retentive of water; barring such modifying factors as poor drainage, alkali, 
etc., they are generally productive and readily adaptable to the various 
crops in a rotation. Young 'soils of extremes of texture may be either 
droughty (in the case of sands) or they may offer great resistance to water 
and root penetration (in the case of clays). 
Old soils of all soil classes, as mapped within the state, have compact, 
dense horizons within their profile, so dense and compact, in fact, that water 
and root penetration for all practical purposes is impossible. For this 
reason, they are given a low value in any attempt to determine' the soil-
rating factor in a land-use program. 
The following summary of arable soil type characteristics, particularly 
in areas under cultivation, is drawn from the experiences of the authors as 
well as from Appendix Tables 1, 2, and 3. 
Abbott ClalY-This type is a heavy compact clay to 6 feet in depth, the 
surface ,soil of which is (1) generally gray in color (of the eight samples 
recorded in Appendix Table 1, one was classed as buff and seven as neutral, 
gull, or smoke gray) and (2) sticky and tenacious when wet and when dry 
forms dense, tough clods. 
As may be observed from Appendix Table 3, individual friability indexes 
of the horizons of each profile are generally below 6.5, with a moisture 
content for convenient molding and a shrinkage coefficient generally above 
30. This type has a definite "adobe" structure and forms blocks separated 
by deep cracks when dry; when wet, the cracks are sealed and internal 
drainage is definitely restricted. 
The silty phase of the Abbott clay is somewhat coarser in texture in 
both surface soil and subsoil; the internal drainage, although restricted, is 
less so than in Abbott clay proper. On the whole, it is a better soil. 
Gordon Clay-This type is a heavy compact clay to about 50 inches, at 
which depth a stratified layer of loam to sandy loam or coarser is generally 
found. The soil above the coarser layer is slightly coarser than the Abbott 
clay but is still a heavy clay. The surface soil is (1) gray in color (color 
determination of samples are listed in Column 4, Appendix Table 1, and all 
were light smoke gray or neutral gray) and (2) like the Abbott clay, it is 
sticky and tenacious when wet and when dry forms dense, tough clods 
with remarkable resistance to breaking. 
In Appendix Table 3 it may be seen that individual friability indexes 
of the fine-textured horizons are below 7. The moisture for convenient 
molding is usually near 30 per cent, or slightly above, and the coefficient of 
shrinkage is near 30 per cent, or slightly below. The upper horizons assume 
the "adobe" structure but to a slightly less extent than in the Abbott clay. 
Internal drainage is less restricted than for Abbott clay; it is still restricted, 
however, because of the fine character of approximately 50 inches of' heavy 
soil. 
Two phases (the slick and the friable) of the Gordon clay were mapped 
in the 1919 Soil Survey of the Delta Areal7• The slick phase, of which only 
two areas were mapped and which amounted to less than 400 acres, is of 
little agricultural importance; it is inferior to the typical Gordon clay. The 
friable phase, in the aggregate, represents a somewhat larger acreage (1856 
acres) than the slick phase; the surface soil is somewhat less sticky and 
tenacious when wet; when dry, the clods break somewhat more easily. 
This phase handles with less difficulty and is, therefore, a better soil than 
the typical Gordon clay. 
l7See Footnote No.3. 
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Woodrow Clay-This type is a heavy compact clay to 6 feet, the surface 
soil of wihich is (1) generally buff in color (out of seven surface samples 
whose color was determined, .six were definitely buff, the seventh being 
slightly dark for a buff) and (2) sticky and tenacious when wet and when 
dry forms dense, tough clods. The friability index, as shown in Appendix 
Table 3, is rather consistently below 6.5. The moisture for convenient 
molding is about 30 per cent and the coefficient of shrinkage is about 25 
per cent, or s lightly above. When it is dry, deep cracks develop in this 
type; it, therefore, assumes the "adobe" structure and internal drainage 
is definitely restricted. 
Oasis Clay-T.he surface soil of Oasis clay is (1) buff, avellaneous, or 
light drab in color; (2) sticky and tenacious when wet, forming clods when 
dry. Compared to the Abbott clay, Gordon clay, and Woodrow clay, however, 
the clods are less dense and more easily broken, and the qualities of stickiness 
and tenaciousness of the wet soil are less marked. In texture, the type is a 
compact clay over a less compact and coarser textured stratum. The depth 
to the coarser ·stratum varies but is generally found between the second- and 
fourth-foot levels. In rather limited areas the Oasis clay develops· the 
"adobe" structure; in the majority of the areas of the type, however, this 
tendency is slight or absent. Heavy fairly compact horizons occur in the 
profiles (Appendix Table 3). 
Following is a summary of the physical measurements for Oasis clay 
illustrating the profile characteri.stics of the type. The summary is brought 
forward from Appendix Table 3. 
Physical Measurement 
(Average) 
Index of Friability ....................... . 
Shrinkage Coefficient .......... ....... . 
Moisture for Convenient Molding 
Surface I Six-Foot Profile (0"-72") for 
0"-7" Fine-textured I Coarse-textured 
Horizons Horizons 
7.14 
24.16 
32.85 
6.88 
23.89 
32.58 
23.09 
11.85 
23.98 
Woodrow Clay Loam-This type has a considerable range in textural 
characteristics. The surface soil is generally a heavy clay loam to 5 or 10 
inches, beneath which is 'a heavy compact clay. In color; it is generally a 
vinaceous buff. The surface soil in three of the four samples, shown in 
Appendix Table 1, is vinaceous buff, with one a smoke gray. 
Samples were collected from five different bodies of this soil type, one 
of which, it is believed, 'should be classed as Woodrow clay. This body is 
in Sections 5, 6, 7, and 8, Township 17 South, Range 7 West. (The note in 
Column 9, Appendix Table 1, calling attention to the extremely heavy 
character of this body, was made at the time the sample was collected in 
1932. Measurements recorded in Appendix Table 3 bear this out.) The 
measurements recorded under this soil type in Appendix Table 3 indicate 
a .somewhat coarser soil for the remaining four profiles, than are shown by 
the profiles of the Woodrow clay. 
Oasis Silty Clay Loam-The surface soil of this type is (1) generally 
buff in color (of seven surface samples listed in Appendix Table 1, six 
were definitely buff and one avellaneous) and (2) usually a silty clay loam, 
exhibiting the properties of stickiness and tenaciousness when wet although 
to a less degree than the clay types of the area; the tendenc'Y to form 
clods is also much less. In texture, the type varies from a silty clay loam 
to a heavy clay loam over a stratified layer or layers of coarser material. 
The depth to the coarser material varies greatly, although it is practically 
always encountered within the 6-foot profile and generally between the 
second- and fourth-foot levels. 
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Laboratory Nos. 5040 to 5043 and 5044 to 5047 (Appendix Table 1) 
represent the areas of this type as it varies towards the heavy clay loam. 
The friability index of the finer horizons of these two profiles is between 
7 and 8, with a moisture content for convenient molding of 25 per cent 
and a shrinkage coefficient of approximately 18 per cent. Such areas, how-
ever, are extremely limited. The more typical silty clay loam is shown. 
by the remaining profiles. The average for the plowed portion of the soil 
is: Friability index, 12.51; moisture for convenient molding, 23.25; and 
shrinkage coefficient, 14.22. Internal drainage, as indicated by the generally 
loose, open, or sandy character of the subsoil (Column 4, Appendix Table 1), 
is satisfactory. 
Cache Silty Clay Loam-The surface soil of this type is (1) generally 
buff or drab-gray in color (five of the seven ,surface samples listed in 
Appendix Table 1 are buffs and two are drab grays) and (2) usually a 
heavy silty clay loam; it is 'somewhat finer textured than the Oasis silty 
clay loam and, therefore, under wet conditions exhibits properties of sticki-
ness and tenaciousness, with a greater tendency to cloddiness than does 
the corresponding textured soil of the Oasis series. 
This type is a heavy silty clay loam to a heavy clay loam surface .soil 
over a prevailingly fine-textured subsoil. The deeper horizons of the 
profile have not reached those extremes in compaction which are found in 
the finer textured types of the area. Drainage is somewhat more restricted 
in this type than in the case of Oasis silty clay loam. 
Oasis Fine Sandy Loam-The surface soil of Oasis fine sandy loam is 
(1) buff or drab gray in color and (2) generally a fine sandy loam or 
coarser, often sufficiently coarse to be classed as a medium, if not sandy, 
loam. Below the surface 8 to 12 inches of fine sandy loam, the type is 
stratified, this portion of the soil profile being mainly coarse-textured and 
open but occasionally grading toward the loam and the clay loam texture. 
Data on friability index, moisture for convenient molding, and shr.inkage 
are insufficient to justify a general ,statement. The surface soil is subject 
to some drifting. The surface and deeper layers of the soil are often 
rather open, requiring more water than other types of the area. 
SOIL RATING FOR AGRICULTURAL PURPOSES 
For a number of years past, attempts have been made at the Utah 
Agricultural Experiment Station to develop a system for the , rating of 
the soil factor in land-use programs. The small amount of soil data available, 
however, has made Isuch attempts ' extremely difficult and they have been 
confined to local areas. One such attempt was made with the Soil Survey 
Report of the Uinta River Valley ArealB• Here the soil map of the area was 
reclassified into several classes, based upon their desirability for fa~ming 
purposes. Although the data thus obtained were not published by the 
Experiment Station, these were later used by the Utah Water Storage 
Commission. 
When soils from a given area are to be rated, climatic environment and 
type of agriculture most desirable from a geographic and economic point 
of view must be taken into consideration. A soil which is ideal for one 
type of agriculture under certain climatic conditions may not be quite so 
ideal for another type of agriculture under different climatic conditions. 
The Delta Area is located in an arid climate (so that the land must be 
irrigated) and where general farming must be practised in order to establish 
permanency, therefore, all values tabulated for the various soil factors are 
lS"Soil Survey of the Uinta River Valley Area, Utah." By B. H. Hendricksen, D. S. 
Jennings, Scott Ewing, and E. H. Flanders. U. S. Dept. Agr. Bureau of Soils. Advance 
Sheets: Field Operations of the Bureau of Soils, 1921. 1925. 
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for general farming under irrigation and are not intended to be used for 
classifying the land for any other type of farming. 
Storie19, of California, has recently developed a method for rating soils 
which appears promising. In this method the salient soil features relating 
to crop production are grouped into three general divisions or general 
factors. Under factor A is placed the character of the soil profile, under 
factor B the texture of the surface soil, while factor C represents "other 
modifying factors." Although the following method differs in a number 
of important respects, from the Storie method, yet his publication served 
a useful purpose in preparing the ratings .here presented. 
It was deemed advisable to consider five factors in arriving at the final 
ratings. These factors are: (A) the soil profile, (B) surface texture, (C) 
surface relief, (D) internal drainage, and (E) alkali. 
This general rating scheme (Table 7), together with data presented 
throughout the report, is used to arrive at the specific ratings of the soil 
types and type phases .shown in Table 8. The soil-type-rating is calculated 
by . obtaining the geometric mean (i. e., the 5th root of the product) of the 
five soil factors. The final rating for the soil type as recorded in Column 
8, Table 8, is not the soil type rating in case alkali is present in the soil. 
Rather it is the soil-type-rating based on an alkali rating of 100 per cent. 
In order to obtain the final or soil-type-rating for a piece of land containing 
alkali, the percentage of alkali is fir.st determined and the soil-type-rating, 
as recorded in Table 8, is multiplied by the corresponding specific factor 
(i. e., the 5th root of the alkali rating), as recorded in Table 7-E. For 
example, if a piece of land of the Abbott clay were found to contain 1.0 per 
cent alkali uniformly distributed throughout the profile, it would have an 
alkali rating of 50 per cent, which would be recorded in Column 6, Table 8. 
The final soil-type-rating would be obtained by multiplying the soil type 
rating for Abbott clay as recorded in Column 7, Table 8, by ·the 
specific factor recorded in Table 7-E, Column 3, (i. e., 70.61 x 0.870). This 
would give a final or soil type rating of 61.43 per cent for the land in 
question. Alkali was disregarded in obtaining the rating recorded in Col-
umn 7, Table 8, because its distribution does not coincide with the soil 
types but is a specific problem for each farm or small piece of land. 
Three of the soil types-Abbott clay, Woodrow clay, and Gordon clay-
show a definite tendency to develop the "adobe" structure, i. e., to the forma-
tion of dense hard blocks, separated by deep wide cracks. For this reason, 
these types were given the lowest rating in profile and texture. The Abbott 
clay and Woodrow clay have a restricted drainage, since both have dense 
compact subsoil to 6 feet, while the Gordon contains a layer of coarser 
material in its subsoil. A higher rating is given, therefore, to internal 
drainage for Gordon clay than for either Abbott clay or Woodrow clay. 
The silty phase of Abbott clay and the friable phase of the Gordon clay 
have neither the "adobe" nature nor the compact clay subsoil; consequently, 
they are better soils than those of the true Abbott or Gordon series. The 
Oasis clay is a rather dense clay with a coarser subsoil which justifies a 
of the soil to a variety of crops. A single-crop type of farming can hardly 
be considered as a permanent type. 
19Storie, H. E ., "An Index for Rating the Agricultural Value of Soils." Calif. Agr. Exp. 
Sta. Bul. 556. 1933. 
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Table 7-General ratings for soil factors 
General Description of Soil Factors 
Young soils with 
undeveloped or 
slightly developed 
horizonal features 
A-Profile 
(a) With intermediate 
textures, e. g., loams, 
silty loams, fine sandy 
loams, etc .................... . 
(b) With extremes of tex-
ture, e. g., sands, 
clays, and gravels 
B-Texture 
C-Surface Relief 
Uniform gentle slope ...... ......... ........................ .... . 
Flat with insufficient slope ... ....... ........ ............... . 
With very gently rolling topography ............... . 
With gently rolling topography ......... .... .. .. ........ . 
D-Internal Drainage 
Drainage definitely restricted ............... .... ...... .. . 
Drainage somewhat restricted .. ... ........ ..... ...... ... . 
I 
Drainage fair ..... ................. ........... ............ ....... ...... I 
Drainage good ... ... ..... ........... ..... .... ... ... ................... I 
I 
. E-Alkali I 
If alkali found = 0.0 - 0.2 per cent ...... .. ... .. .... ... I 
If alkal~ found :: 0.2 - 0.6 per cent ........... .... ..... 1 
If alkah found - 0.6 - 1.0 per cent .............. .. ... . 
If alkali found = 1.0 - 2.0 per cent .............. .... . . 
If alkali found = above 2.0 per cent ...... .............. I 
I 
Ratings 
% 
80-100 
. 50- 75 
75- 85 
50- 75 
. 80- 90 
90-100 
80- 90 
65- 80 
50- 70 
95-100 
85- 95 
75- 85 
50- 70 
50- 65 
65- 75 
75- 85 
85-100 
100- 95 
95- 85 
85- 50 
50- 25 
25- 5 
( 
I Specific Factor Alkali 
1.000-0.990 
0.990-0.968 
0.968-0.870 
0.870-0.758 
0.758-0.549 
higher rating than the other clay.s. The profile rating for the Woodrow 
clay loam is higher than may appear to be justifiable from a description of 
the profile which describes the subsoil as a compact clay. This discrepancy 
is made because this soil apparently has a higher permeability to moisture, 
as is exemplified by the removal of alkali (Table 5). The Oasis silty clay 
loam and the Cache silty clay loam are the best .soils investigated. The 
Oasis silty clay loam and the Cache loam, however, are nearer the ideal 
and are given the highest ratings. The Oasis fine sandy loam is somewhat 
coar,se for general farming, and, therefore, is given a rating below the 
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silty clay loam soils. The other soil types of the area have a somewhat 
limited acreage and have not been considered in this report. 
From a practical point of view the soils of the area may be placed into 
four groups~, termed class-ratings (last column of Table 8): The best soils 
of the area are those given a class-rating of 1, following in order of agri-
cultural value by those given class-ratings of 2, 3, and 4, respectively. 
The relationship between ,soil type rating (Column 7, Table 8) and class-
rating (Column 8, Table 8) is as follows: 
When soil-type-rating is 85 to 100, class-rating is 1 
When soil-type-rating is 75 to 85, class-rating is 2 
When soil-type-rating is 65 to 75, class-rating is 3 
When soil-type-rating is 55 to 65, class-rating is 4 
The class-ratings of the soil types and type phases for the Delta Area 
are as follows: 
Class-rating 1 S Cache loam, Cache silty clay loam, 
lOasis silty clay loam, and Woodrow clay loam 
Cl . {Oasis clay, Gordon clay, friable phase, ass-ratmg 2 Abbott clay silty phase, and Oasis fine sandy loam 
Class-rating 3 (Abbott clay, Gordon clay and Woodrow clay 
These values are sometimes reduced to a lower class-rating for the areas of 
the. types having gently rolling topography. It should be emphasized again 
that the ratings for soil types and the class-ratings here given must be 
reduced wherever alkali is found. 'Dhe amount of reduction is found by 
multiplying the specific alkali factor, as shown in Table 7-E, by the soil-
type-rating. An uneven topography is of sufficient importance to warrant 
a reduction in the rating. Irrigation is essential, and in order to irrigate 
a greater amount of leveling must be done when the soil type has a gently 
rolling topography than where it is more nearly level. Certainly, the 
greater leveling process exposes more of a less desirable soil. 
The method of rating these soils is based upon soil characteristics and 
is independent of crop yields. It is a system which may be used as well for 
virgin soil as for land under cultivation. The ultimate measure of the prac-
tical value of any soil-rating system, however, must be based upon the ability 
of one to predict from soil-rating factors the influence of the s oil factor 
upon the agricultural success obtainable from the land under consideration. 
To determine this factor the crop or plant yields, as well as the expense 
incurred to produce these yields, must be taken into account. Many soils 
can be brought from a state of low productivity to a state of fair or even 
one of high productivity; both time and capital, however, are required, and 
the farmer who chooses to improve the soil in this way is in direct com-
petition with the farmer located on a soil that produces readily and without 
such improvement. Not only must consideration be given to the measure-
ments of yield and the effort required to produce a unit of yield, but for 
general irrigation farming, attention must also be given to the adaptability 
2°This rating is based on a study of the soils from the Delta Area and may be altered 
So as to harmonize with a more general system of rating after a study has been made of 
other soils of Utah 
Table 8-Rating percentages and class-rating for soil types and type phases, Delta Area 
Soil Types and Type Phases 
II Percentage Rating for 
Profil . I Surface I Surf~ce I Int~rnal ! Alkali!! 
e Texture RelIef Dramage 
Abbott Clay .............................................................................................. 65 60 90 50 * 
Abbott Clay with gently rolling topography .................................... 55 60 80 50 
Abbott Clay silty phase ........................................................................ 75 70 90 75 
Abbott Clay silty phase with gently rolling topography ................ 65 65 75 65 
Gordon Clay ................................................. ..... ································· ·······1 65 60 90 65 
Gordon Clay with gently rolling topography ... ..... ..... ........ .... ..... ...... / 60 60 75 60 
Gordon Clay friable phase ....... .... ...................................................... ... 75 70 90 80 
::::~I~:a:IiC: .. ~~~s.e.::::.::.:.:.. :.:::::.:.:..:::::.::::.: I 50 60 90 65 65 60 90 50 
Woodrow Clay with gently rolling topography ..... ......... .... ... ........... 55 55 75 50 
Oasis Clay ..................................... ...................... .................... ........ ......... 80 70 90 80 
Oasis Clay with gently rolling topography ........................................ 70 65 70 75 
Oasis Silty Clay Loam .......................................... .................. ... ....... .... 90 85 90 85 
Oasis SiltJy Clay Loam with gently rolling topography ................ 85 80 80 80 
Cache Silty Clay Loam .......................................................................... 85 90 90 85 
I 
Cache Loam ........................................ ........................... .................. ......... 90 90 90 90 
Woodrow Clay Loam ............................................................... ... ..... ... .. 80 80 90 80 
Woodrow Clay Loam with gently rolling topography ........... ....... .. \ 75 80 80 80 
8:::: :!~: ~::::: l:aa:: ~ith··g;;;tiy·~.;-iii;;gt;,p~g;:~phy·: ::::: :::: ::::: II 80 80 75 85 II 75 80 70 80 
II 
-See Table 7 
Soil 
Type 
70.61 
66.70 
81.26 
72.91 
74.41 
69.49 
82.32 
70.61 
70.61 
64.70 
83.39 
75.10 
89.84 
84.67 
89.84 
91.92 
85.64 
82.58 
83.59 
80.40 
II 
Class 
Rating 
I 
3 
3 
II 
2 
3 
3 
I 3 
I 2 3 
I 3 4 
\ 2 
II 2 
II 1 
II 
2 
II 1 II 
II 1 
II 1 
I' 2 II 
II 2 
II 2 
II 
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A particular soil type may produce higher yields of a particular crop 
than other types of the area, yet its adaptability to the other crops, so 
necessary to multiple-crop type of farming, may be relatively poor. To 
illustrate, the Oasis clay is one of the most consistent and highest yielding 
soil types of the area with respect to alfalfa-seed21• Likewise, it gives fair 
yields of alfalfa hay. From the ,standpoint of handling, however, and even 
the possibility of putting the soil in good tilth, a condition so essential for 
the other crops in a rotation, the Oasis clay is too fine (heavy) to be con-
sidered ideal. It is inferior in this respect to the following types of the 
area: The Oasis silty clay loam, the Cache silty clay loam, the Woodrow 
clay loam, and the Oasis fine sandy loam. 
CROPS OF THE AREA 
A single-crop type of farming is the general practice in the Delta Area. 
The single crop, however, has the advantage in this case of being both a 
feed :(or livestock (hay) as well as a cash crop (alfalfa-seed). 
A number of factors might be listed as the contributing causes for the 
lack of diversification of crops, the most important of which, no doubt, are: 
(1) The high percentage of heavy (draft) soils (Table 2), with the attending 
difficulty of cultivating and preparing the soils for a good .seedbed; (2) 
the scarcity of irrigation water; (3) the widespread occurrence of alkali, 
and (4) the relative ease of producing alfalfa and alfalfa-seed. 
Serious attempts have been made towards greater diversification. Just 
previous to 1919, when the soil survey field work was under way, a sugar 
factory was established at Delta. That the Delta Area was to supply the 
great majority of sugar-beets for the operation of this factory was obvious. 
At this time (1919) a crop survey of the area was made, the results of 
which are shown in Table 9-A, from which it is observed that nearly 40 
per cent of the cultivated area was in alfalfa, about 28 per cent in small 
grain, and 32 per cent in sugar-beets-. (The total acreage in the survey is 
given in Table 9-C.) The net acreage of ,sugar-beets grown in 1919, as 
shown in Column 14 of Table 9-A, was 10,445 acres. The average acre-
yield (6 tons) for this year was only about 50 per cent of the general 
average for the state. This extremely poor showing for the sugar-beet 
crop is traceable, in part at least, to the resistance which large areas of the 
soils offer to the preparation for a good seedbed. Under such conditions 
poor stands and weakened plants are found in many fields. 
The establishment of a favorable tilth in a soil, especially a soil im-
pregnated with ,soluble sodium salts, requires both time and capital; wide-
spread effort to establish it should precede by some years the attempt to 
produce crops which require intensive cultivation, as is the case with 
sugar-beets. It is, of course, well-known that this attempt at diversification 
through ,sugar-beet culture in this area was a failure. A second crop survey 
was made of the 'same area in 1932, the results of which are shown in 
Table 9-B. From this table it is seen that in 1932 nearly 90 per cent of the 
cultivated land was growing alfalfa with only 8 per cent planted to small 
grains and approximately 2 per cent to corn. The ,sugar-beet acreage had 
become insignificant. 
2LWhornham, George. 1932. "Alfalfa-seed Production as Related to Soil Type, Millard 
County, Utah." (Unpublished thesis, Utah State Agricultural College). 
Table 9-A-Distribution and use of cultivated and uncultivated land in the various townships ()f the Delta Area, 1919 
II 
V" Recent Old Total II . Total M" II 
. Irgln Abandoned Abandoned Uncultivated Alfalfa Gram Sugar-Beets Cultivated Isce aneous 
TownsillPs -
Acres I Percent I Acres I Percent I Acres I Percent II Acres I Percent II Acres I Percent I Acres I Percent I Acres I Percent Acres I Percent II Acres I Percent 
I I 
. 5533
1 
76.851 10.511 · 4851 ' 1667\ 23.15 \ 
1 
T 15 S, R 7 W 20661 28.69 408 5.67 3059 42.49 425 5.90 757 6.74 I 
6951 21.72 T 15 S, R 8 W 1314 41.06 463 14.47 727 22.75 2504 78.28 215 6.73 430 13.43 50 1.56 
T 16 S, R 7 W 6603 27.51 1584 6.601 12515 10.48 10702 44.59 2499 10.41 4297 17.90 6323 26.35 131191 54.66 179 0.75 
12.80\ 1170 
1 
T 16 S, R 8 W 2912 27.58 1114 10.55 2543 24.08 6569 62.21 1469 13.91 1352 11.08 3991 37.79 1 
1 
2.601 T 17 S, R 6 W 5573 38.28 1,2200 15.11 3973 27.29 11746 80.68 1451 9.97 379 478 3.28 2308 15.85 5061 3.47 
1 
T 17 S, R 7 W 4164 18.26 3246 14.13 2164 9.34 9576 41.73 6094 26.35 2123 9.21 3370 14.55 11587 50.11 1819
1 
8.16 
T 17 S, R 8 W 4914 46.53 712 6.75 2103 19.91 7729 73.19 1672 15.84 766 7.25 381 3.61 2819 26.70 12 0.11 
I 
T 18 S, R 6 W 1 ~692 48.07 812 14.14 976 17.79 4480 80.00 1 472 8.42 631 11.28 ' 17 0.30 1120 20.00 1 
1 
401 T 18 S, R 7 W 6316 48.14 1 700 5.34 5049 38.48 12065 91.96 11 981 7.48 20 0.15 14 0.11 1015 7.74 0.30 
II 
\ \ T 18 S, R 8 W 888 27.75 218 6.81 1777 55.53 2883 90.09 11 262 8.19 55 1.72 317 9.91 
I 
1 26161 Grand Total 37442 32.55 11457 9.96 24887 21.63 737861 64.14 115540 13.5110810 9.4012288 10.68 38638 33.59 2.27 I I II 7.99110445 Corrected Totar I 11 132091 11.48
1
9188 9.08 32842 28.55 ! 
1 II 1 
I I 
Percent Based on cultivated acreage I II 40.22 27.981 31.80 1100.00 I II 1 I I II 
;Calculated by subt r a ctin g 15 per cent of totals in order t o eliminat e yards and buildings . 
Table 9-B-Distribution and use of cultivated and uncultivated land in the various townships of the Delta Area, 1932 
Townships 
II 
.. Recent Old Total // 0 Total 0 Vlraln Abandoned Abandoned Uncultivated Alfalfa Gram Corn Cultivated M Isce"aneous 
Acres I Percent Acres I Percent I Acres \ Percent \I Acres I Percent \I Acres I Percent I Acres I Percent I Acres I Percent II Acres \ percent" Acres I Percent 
00
j I I 
1.04/ 
I 
T 15 S, R 7 W 2975 41.32 1514 21.03 1696 23.56 6183 85.91 927 12.87 75 13/ 0.18 1015 14.09 I 
T 15 S, R 8 W 2156 67.37 430 13.44 100 3.12 2686 83.93 477 14.91 28 0.871 ·9 
0.29 514 16.07 
T 16 S, ,R 7 W 7182 29.93 2560 10.67 1934 8.06 11676 48.66 10254 42.72 1549 6.45 346 1.44 12149 50.61 175/ 0.73 
2.23\ T ' 16 S, R 8 W 2101 19.90 1902 18.01 2533 23.99 6536 61.901 3784 35.83 236 4020 38.06 41 0.04 
0.361 507
1 
T 17' S, R 6 W 4889 33.58 1544 10.60 4237 29.10 10670 73.28 3283 22.55 52 48 0.33 3383 23.24 3.48 
I 
T 17 S, R 7 W 3685 15.99 2872 12.47 1965 8.53 8522 36.99 11754 51.02 986 ,4.28 \ 508 \ 2.20 13248 57.50 12701 5.51 
T 17 S, R 8 W 4380 41.48 1868 17.62 955 9.04 7203 68.141 3093 29.29 142 1.351 61
1 
0.58 3296 31.2211 681· 0.64 I 
13.71 I T 18 S, R 6 W 2464 44.00 330 5.89 2038 36.40 II 4832 86.29 768 13.71 I 
\ 
768 
0.83 / T 18 S, R 7 W 6482 49.41 1514 11.53 2586 19.71 10582 80.65 1 1944 14.82 108 15 \ 0.11 2067 15.76 471 3.59 
38.03 2541 79.40 / 653 20.41 
I 1 
T 18 S, R 8 W 1010 31.56 314/ 9.81 1217 
\ 
6 0.19 \ 659 20.60 
16.7411n4261 62.09 11369371 32.11 Grand Total 37324 32.4514841 12.90' 19261 3176 2.761 1006 0.87 41119 ' 35.741 2495 2.17 
I 1131396 27.29 
1 
Corrected TotaP 2700 2.35\ 855 0.74 34951 30.381 
Percent Based on cultivated acreage I II 1 89.83 I 7.72\ I 2.45 11 1100.001 / II I I 
lCalculated by subtract ing 15 per cent of t otals in order to eliminate yards and buildings, 
32 UTAH EXPERIMENT STATION BULLETIN No. 256 
Table 9-C--No. Acres (cultivated and uncultivated) surveyed in the various 
townships, Delta Area, 1919 and 1932 
Townships II 
Grand Total 
Acres in Survey 
T 15 S, R 7 W 7,200 
T 15 S, R 8 W 3,200 
T 16 S, R 7 W 24,000 
T 16 S, R 8 W 10,560 
T 17 S, R 6 W 14,560 
T 17 S, R 7 W 23,040 
T 17 S, R 8 W 10,560 
T 18 S, R 6 W 5,600 
T 18 S, R 7 W 13,120 
T 18 S, R 8 W 3,200 
Grand Total 115,040 
It is highly probable that the high percentage of extremely fine-textured 
soils, with the resulting difficulty or practical impossibility in some areas of 
working the soils into a good tilth in the time required, was an important 
contributing cause of the failure to grow sugar-beets in the Delta Area. 
The yields of the various crops vary considerably with the soil rating 
(Table 10). Soils which are given third-class· rating are much less productive 
than those of first- or second-class rating. This applies to all crop,s. from 
which enough data have been obtained to make dependable comparisons. The 
soils with first- and second-class rating are much more nearly alike. On the 
basis of crop yield alone, it would be impractical to oSeparate them into two 
classes. A good seedbed and a favorable tilth generally will be more diffi-
cult to establish in the soils with class-rating 2 than with those with class-
rating 1. The former is, therefore, more expensive to handle, especially 
where a rotation is practised. 
There are several thousand acres of land in the Delta Area which at 
one time were under cultivation but which have since been abandoned. In 
Appendix Table 7 eight of the most important soil types have been classified 
into virgin and non-virgin. The virgin land is that which contained normal 
native vegetation at the time of the crop surveys and may include a few 
small areas abandoned several years earlier. The non-virgin land is divided 
into (a) old-abandoned, (b) recent-abandoned, and (c) cultivated. Only 
land under the irrigation canals and land not within townsites is included. 
This table does not show any correlation between soil type and percentage 
of land abandoned. The lack of correlation may be partially due to the 
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failure to separate the type phases (i. e., Abbott clay silty phase and Gordon 
clay friable phase) from the main soil types. It is believed, however, that 
some cQrrelation would be obtained now (1935) since many farms (especially 
on fine-textured soils) were in the process of abandonment when the crop 
survey was made in 1932. However, there are other factors besides soil 
type, such as alkali and distance which irrigation water must be transported 
in canals, which play an important part in determining which farms will 
be abandoned. 
Accuracy in soil-survey work, especially in the representation of the 
soil types on the map, is of first importance; in spite of this, however, in-
accuracies occur. In the hope of perfecting the maps a record is kept of 
any indication of inaccuracies. It is hoped these modifications may at some 
future time be published. 
Table 10-Summary of crop yields of the Delta Area (by soil class-ratings) 
Yield per Acre 
Year Class-rating 
1 2 I 3 
Alfalfa (no seed cut) (tons) 
1926 2.40 2.08 0.50 
1927 2.74 1.82 0.95 
1928 2.91 2.43 1.15 
1929 3.02 2.21 0.87 
1930 2.27 2.30 0.73 
1931 1.94 2.16 0.95 
Average 2.63 2.17 0.86 
Alfalfa (seed cut) (tons) 
1926 0.70 0.95 0.46 
1927 , 0.80 0.85 0.42 
1928 0.75 0.75 0.43 
1929 0.73 0.75 0.47 
1930 0.86 0.85 0.69 
1931 0.57 0.46 0.49 
Average 0.73 0.77 0.49 
Alfalfa Seed (lbs.) 
1926 286.29 384.46 245.37 
" 
1927 465.27 286.0'1 220.85 
" 1928 105.61 137.22 49.10 , 
1929 70.64 66.40 36.10 
1930 40.43 41.32 41.90 
1931 43.82 71.50 26.90 
Average 168.68 164.48 103.37 
Chaff (Alfalfa) (tons) 
1926 0.52 0.73 0.35 
1927 0.59 0.66 0.31 
1928 0.45 0.56 0.19 
1929 0.48 0.55 0.17 
1930 0.39 0.42 0.34 
1931 0.43 0.50 0.13 
Average 0.48 0.57 0.25 
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Year 
1926 
1927 
1928 
1929 
1930 
1931 
Average 
1926 
1927 
1928 
1929 
1930 
1931 
Average 
1926 
1927 
1928 
1929 
1930 
1931 
Average 
1926 
1927 
1928 
1929 
1930 
1931 
Averag e 
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Table 10. (Continued) 
Yield per Acre 
Class-rating 
1 2 
Wheat (bus.) 
I 32.83 23.91 
27.56 21.88 
26.38 14.30 
30.11 16.14 
34.78 
I 
24.47 
22.43 11.61 
29.01 18.72 
Barley (bus.) 
60.0 
70.0 
72.0 
40.7 
32.6 37.5 
32.6 46.7 
Oats (bus.) 
I 28.6 6.0 
31.3 22.8 
23.4 
31.3 20.2 
Potatoes (bus.) 
280.0 I 150.0 
114.3 142.0 
188.9 58.6 
204.4 162.5 
190.9 156.3 
36.8 90.4 
169.2 126.6 
SUMMARY 
3 
7.00 
........ 
..... .... . 
16.70 
8.10 
5.70 
9.50 
8.6 } Only two 
16.2 farms 
12.4 
25.0 
24.0 
8.2 
19.1 
The Delta Area contains ·a high percentage of fine-textured (or heavy 
draft) soils. Cultivation of these fine-textured soils and the establishment 
of a favorable tilth is difficult. Alfalfa and alfalfa-seed require a minimum 
of cultivation. Lar.gely as a · result of these two factor,s, the general practice 
of single-crop farming has developed. 
The Abbott and Gordon series represent the darker soils of the area, 
the color of the surface soil being usually drab or smoke gray. The other 
soils are somewhat lighter, the mo.st common color being buff. Contrary 
to common opinion, however, the darker color is no indication of high pro-
ductivity. 
Measurements of friability and related physical properties of soil indi-
cate their draft or ease .of cultivation. Measurements made on the soil 
of the Delta Ar ea in regard . to friability index indicate: 
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Below 7: 
(Extremely difficult 
to cultivate) 
Between 8 and 13: 
(Relatively easy to 
cultivate) 
Above 25: 
(Easily cultivated but 
generally too loose) 
Abbott clay, Gordon clay 
Woodrow clay 
Woodrow clay loam 
Cache silty .clay loam 
Oasis silty clay loam 
Oasis fine sandy loam 
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All plant-food elements, except nitrogen, are sufficiently abundant to 
produce high crop yields in the soils of the area. The universal presen~ of 
soluble bicarbonate in the soil solution indicates that the available forms of 
phosphorus may be low. 
The .soils of the D~lta Area are relatively young. There is no indication 
that hydrolysis of the silicate minerals has taken place to any extent. Com-
pact horizons, however, were found in the Abbott, Gordon, and Woodrow 
series. Most of the horizons of the other important ·soil series of the area 
are generally only slig:htly compact or open to loose. A slight accumulation 
of inorganic carbonates occurs in certain horizons of the Abbott and Gordon 
series. 
Although much of the Delta Area was served by drains during the 
period between 1919 and 1932, the data included in this publication indicate 
that there was no reduction of alkali concentration in a large portion of 
this drained area. In 1932 there were s.till many localities which contained 
concentrations higher than those given as the toxic limits for farm crops. 
Even in cultivated areas there had been . no reduction in concentration 
for five soil types, while for three of the coarser textured soils (Woodrow 
clay loam, Oasis silty clay loam, and Oasis fine sandy loam) there had been 
some slight improvement. Reasons for slow response to drainage apparently 
are: (1) High percentage of fine-textured soils; (2) high ratio of sodium to 
calcium in the soil alkali and irrigation water, resulting in a lower perme-
ability to soil moisture, especially with the lower concentrations of alkali; 
and (3) upward moving waters which increase the alkali content of the 
upper soil layers. The alkali of the area is composed mainly of sodium 
chloride, sodium sulphate, and small amounts of bicarbonates. 
A class-rating has been developed for the important soil types and 
type phases of the area. The basis of this class-rating is the final or soil-
type-rating which in turn is based upon rating;s of the following soil factors: 
(a) Profile, (b) surface texture, (c) surface relief, (d) internal drainage, 
and (e) alkali. The final or soil-type-rating is the geometric mean of 
the individual ratings of the five soil factors. The ratings recorded as soil-
type-ratings and class-ratings are based upon an individual alkali rating of 
100 per cent, i. e., 0.2 per cent or less of alkali in the soil. Therefore, where 
a soil contains more than 0.2 per cent of alkali the type-rating (and in some 
cases the class-rating) must be reduced. The method of making this 
reduction is shown. 
The class-ratings of the soil types and type phases for the Delta Area 
are as follows: 
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Class-rating 1: Cache loam, Cache silty ,clay loam 
Oasis silty clay loam 
Woodrow clay loam 
Class-rating 2: Oasis clay, Gordon clay friable phase 
Abbott clay silty phase 
Oasis fine sandy loam 
Class-rating 3: Abbott clay, Gordon clay, Woodrow clay 
The separation into classes is justified on the basis of difference in produc-
tivity of crQPs and in expe'nse of handling. Soils given class-rating 3 are 
the least productive and the most difficult to handle, while those given 
clas,s:-ratings 1 and 2 are approximately equal in the production of alfalfa 
and alfalfa-seed; those with class-rating 2, however, are more expensive 
to handle. 
The attempts of 1919 and succeeding years towards diversification of 
crops, including sugar-beets and small grains along with alfalfa, had by 
10932 largely given way to a single-crop s-ystem of farming. It is highly 
probable that the higih percentage of extremely fine-textured soils, with the 
resulting difficulty or practical impossibility in some areas of working the 
soils into a good tilth in the time required, was an important contributing 
factor in the failure to grow sugar-beets in the Delta Area. 
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APPENDIX 
In order to make a report of value on the physical and chemical proper-
ties of soils from a given area, much detailed laboratory work is required. 
These properties must be determined accurately for a relatively large 
number of soil samples. The completion of these measurements results in 
a large mass of data which may be interpreted most readily by placing them 
in tabular form. Many of the tables in this bulletin, of necessity, are 
extremely long and therefore have been removed from the report proper. 
It was felt that more efficient use would be made of the reader's time if the 
shorter tables (some of which are summaries of the longer tables) were 
placed in the main body of the report, with the longer tables at the end of 
the report in the form of an appendix. 
Many of the methods used to measure ,soil properties are not well 
standardized, and in some cases the worker must develop his own methods. 
This difficulty is not encountered in the chemical analysis of soils·, however. 
Considerable literature is available which gives detailed methods which 
may be used for making chemical analyses. It seemed unnecessary to 
burden the reader with a detailed description of methods used for chemical 
analyses of soils. Since several methods may be used, a brief outline of 
those used by the authors is included in the Appendix which makes possible 
further checking. 
Brief Outline of Methods Used in Making Chemical Analyses 
The total chemical composition of the soil was determined for a few 
selected samples from each of the main soil types of the Delta Area. Follow-
ing is a brief description of the methods used: 
(1) Two separate portions of soil were fused with sodium carbonate 
and the following determinations made from the resulting mixture: 
(a) One sample was used to determine sulphate gravimetrically as 
barium Isulphate. 
(b) Silica was made insoluble by evaporation with hydrochloric 
acid and determined gravimetrically. . 
(c) Iron and aluminum oxides were precipitated with ammonium 
hydroxide and collectively determined gravimetrically. 
(d) Iron and aluminum oxides were dissolved with sodium bi-
sulphate and sulphuric acid and the iron reduced to the ferrous 
state with hydrogen sulphide; after the sulphur and hydrogen 
sulphide had been removed the iron was determined volumet-
rically with potSls'sium permanganate solution. Aluminum was 
obtained by difference. 
(e) Titanium was determined colormetrically after adding hydrogen 
peroxide to the iron and aluminum solution. 
(f) Calcium was determined gravimetrically by .adding .ammonium 
oxalate solution. 
(g) Magnesium was determined gravimetrically by adding sodium 
ammonium phosphate solution. 
(2) The soil was fused at a dull red heat with calcium carbonate, the 
resultant soluble materials removed with hot water, and the fol-
lowing determinatioIliS made: 
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(a) Sodium and potassium were converted to the pure chlorides 
and determined gravimetrically. 
(b) The chlorides were converted to the perchlorates and potassium 
determined gravimetrically in the presence of butyl alcohol. 
Sodium was obtained by difference. 
(3) The soil was fused with sodium peroxide: 
(a) Phosphorus was determined volumetrically by means of molyb-
date solution and a hydroxide. 
(4) The soil was digested with concentrated sulphuric acid: 
(a) Ammonia was collected in a standard acid by distillation and 
nitrogen determined volumetrically. 
(5) Inorganic carbon dioxide was determined by digesting the soil 
with dilute sulphuric acid and measuring the volume of ga.s· evolved. 
( 6) The soil was mixed with copper oxide and manganese dioxide and 
heated in a furnace through which air was continually flowing. 
The carbon dioxide evolved was collected in ascarite and determined 
gravimetrically, with that remaining determined as in (5). 
(a) Organic carbon was determined by difference. 
(7) One hundred grams 'of soil were shaken with 500 grams of distilled 
water and filtered through a Pasteur-Chamberland filter. 
(a) Soluble calcium, magnesium, sodium, potassium, and ·sulphate 
were determined as described. 
(b) Soluble carbonate and bicarbonate were determined volumet-
rically with an acid, using phenolphythalein and methyl orange, 
respectively, as indicators. 
(c) Soluble chloride was determined volumetrically with silver ni-
trate, using potassium dichromate as an indicator. 
Table I-Locations, horizonal characteristics, soluble salts, and inorganic carbon dioxide of samples collected, Delta Area 
Horizon 
Soluble In-
Location Lab. No.1 Depth General Structure Color Salts Average organic Remarks from and Horizonal 
No· __ l (Bridge) CO2 Surface Characteristics Name (%) (%) (in.) (field) 
Abbott Clay 
2356 0-2 Crust, mulch 21"" e 3.82 9.22 
Just East of 2357 3-9 S1. compact 21"" d Smoke gray 1.03 9.75 Virgin 
Center of 2358 10-17 Compact 19"" d 0.35 .47 12.16 tall 
Sec. 34, 2359 18-34 (Very compact) 21"" f (Pale smoke gray) 0.27 14.56 grease-
T 15 S, R 7 W 2360 35-72 Less compact 2'1"" f ( ) 0.30 13.01 wood 
Near NE Corner 2361 0-3 Crust, mulch C.G. 8 Gull gray 0.27 9.60 
of 40, No.8, 2362 4-16 S1. comRact C.G. 6 Dark gull gray 1.90 4.01 Virgin 
Sec. 24, 2365 17-21 (Compact) N.G. e 3.04 1.62 11.06 
T 15 S, R 8 W 2363 24-48 ( ) 21"" d Smoke gray 1.34 13.60 
2364 50-72 Less Compact 21"" f Pale smoke gray 1.65 14.58 
0.15 mile W 2366 0-4 Granular clay 19"" c ............... 0.67 5.84 
of the SE (mulch) 
Corner of 2367 5-15 (Compact) C. G. 7-8 .-... -_ .... 0.89 6.35 Virgin 
Sec. 19, 2368 16-23 ( ) N.G. e 0.97 0.67 8.43 
T 15 S, R 7 W 2369 24-46 Less compact N. G. d Pale neutral gray 9.80 
2370 47-60 Compact 17' " e .... -........... 0.59 14.67 
2371 61-72 Less compact 17"" g .......... _- .. 0.38 16.68 
2438 0-4 Crust, mulch N. G. a ............. - 0.28 6.72 
2439 5-20 Compact N. G. a .. _-- ........ 1.34 8.32 In bank 
NW Corner of 2440 21-32 (Very compact) N. G. h --_._--. 2.74 1.96 4.60 of open 
Sec. 24, 2441 33-40 ( ) 21" , e 2.74 11.54 drain 
T 15 S, R 8 W 2442 41-44 (Loose slightly) 21'" f Pale olive buff 1.30 11.06 
2443 46-72 ( sandy ) 21'" f Pale smoke gray 2.10 13.09 
---
------
lSoil Samples Nos. 2356 to 2570, inclusive, were collected in 1928; Nos. 5007 to 5075, inclusive, were collected in 1932. (Continued) 
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Table 1. (Continued) 
Horizon 
Location Lab. No. Depth General Structure Color from and Horizonal 
I Surface Characteristics No. Name (in.) (field) 
Abbott Clay (Cont.) 
2454 0-3 Crust, mulch 21'''' b 
2455 4-12 Granular to (Light grayish 
N Center of s1. compact 21"" b ( olive ) 
Sec. 4, 2456 13-24 Compact 15"'" b Light mouse-gray 
T 16 S, R 7 W 2457 25-44 Very compact 15""'b 
2458 46-60 Compact N.G. b Light neutral gray 
2459 61-72 Compact 17'" e ....... -. 
2418 0-2 Crust, mulch N. G. b Light neutral gray 
E Center of 2419 3-14 S1. compact 19"" b ...... --_ .... 
Sec. 3, 2420 15-20 S1. compact 17" , e 
T17S,R7W 2421 21-34 S1. compact 17" , d Vinaceous buff 
2422 35-58 Loose 17'" e .... _----
2423 56-72 Loose 17" , e 
--------
2526 0-5 Disturbed 17" , e -_ ............ 
About 500 ft. 2527 6-20 (Compact, with 17" ; e 
N of SE Corner 2528 22-50 (white streaks) 21'" , f Pale smoke gray 
of Sec. 24, 2529 52-62 Less compact 17" , e 
T 16 S, R 8 W 2530 63-70 Less compact 17'" d Vinaceous buff 
About 0.35 2522 0-6 Disturbed 21"" e ........ -- .... 
mile S of NW 2523 8-30 Compact 17" , e ---_ .. _--
Cor. of Sec. 19 2524 34-56 Very compact 21'" , e --- .......... 
and 100 ft. E 2525 58-72 Very compact 17'" e .......... __ .. 
of W Sec. line, 
T 16 S, R 7 W 
About 125 ft. 2444 0-2 Crust, mulch N. G. Neutral gray 
S of N Center 2446 3-18 Granular to N.G.a ......... -_ ..... 
of Sec. 24, s1. compact 
T 15 S, R 8 W 2449 19-22 Compact 21"" d Smoke gray 
2445 23-42 Compact N. G. d Pale neutral gray 
2447 43-56 Less compact 21"" f Pale smoke gray 
2448 57-72 Less compact 21"" d Smoke gray 
--
Soluble In-
Salts Average organic (Bridge) CO2 
(%) (%) 
0.19 7.87 
1.55 8.24 
2.46 1.48 7.56 
1.74 10.57 
1.34 10.89 
1.34 12.30 
0.42 9.14 
2.87 9.49 
1.61 0.91 12.52 
0.52 9.24 
0.38 12.87 
0.34 14.22 
0.80 15.43 
0.85 15.39 
1.02 0.77 12.77 
0.43 13.72 
0.16 -_ ........... 
0.98 13.02 
0.53 0.38 13.15 
0.24 11.48 
0.17 15.53 
2.78 5.77 
2.74 5.88 
1.73 
2.74 10.77 
2.09 11.31 
0.66 15.47 
0.82 -_ ............. 
t.!) 
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Abandoned 
Abandoned 
Virgin 
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Table 1. (Continued) 
Horizon 
Location Lab. No. Depth General Structure Color from and Horizonal 
\ 
Surface Characteristics No. Name (in.) (field) 
Gordon Clay 
About 100 ft. 2531 0-2 Crust, granulated 21' ", f Pale smoke gray 
N of W Center clay (mulch) 
of Sec. 18, 2532 3-20 S1. compact 21'" , f Pale smoke gray 
T 16 S, R 7 W 2533 26-42 Compact 17'" f Tilleul buff 
On E side of road 2534 50-70 Mottled. loose 17'" f Tilleul buff 
2535 0'-3 Crust, mulch 21"" f (Pale smoke gray) 
About 200 ft. 2536 4-24 S1. compact 21' ", f ( ) 
E of NW Corner 2537 25-32 21"" f (Pale smoke gray) 
of Sec. 18, 2538 33-38 Mottled 17" , e .... _---
T 16 S, R 7 W 2539 40-50 Sandy loam 17' " e 
2540 51-90 Alternate layers of 17'" d Vinaceous buff 
clay and sandy loam 
2552 0-2 Granular clay 19"" f 
---.---. 50 ft. Sand 2553 3-15 S1. compact 19" " f 
50 ft. W of 2554 21-48 Compact, mottled 17" , d Vinaceous buff 
NE Corner of 2555 50-72 Loolse, less 17'" f Telleul buff 
Sec. i2, compact (See 
T 16 S, R8 W loam) 
In NE Corner 2434 4-13 S1. compact 21"" f (Pale smoke ) 
of Sec. 25, 2435 14-25 Compact 21"" f ( gray ) 
T 15 S, R 8 W 2436 26-33 Compact 21"" f ( ) 
2437 34-50 Less compact 21'" f Pale olive buff 
2433 51-74 Sandy loam N.G. a ..... _ .. -- .. 
Soluble 
Salts Average (Bridge) 
(%) 
0.93 
1.24 1.44 
1.70 
1.41 
0.11 
2.74 
0.99 1.13 
0.77 
0.38 
0.68 
0.54 
0.54 
0.26 0.24 
0.03 
0.61 
0.63 
0.39 0.38 
0.27 
0.28 
In-
organic 
CO2 
(%) 
--- ----
11.54 
11.23 
14.94 
14.98 
11.76 
9.80 
9.72 
13.10 
9.06 
1;i.17 
11.14 
12.68 
16.58 
11.94 
12.40 
14.73 
12.75 
6.72 
Remarks 
Virgin 
Virgin 
Virgin 
tall 
greasewood 
Virgin 
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Table 1. (Continued) 
Horizon 
Location Lab. No. Depth General Structure Color from and Horizonal I Surface Characteristics No. Name (in.) (field) 
Gordon Clay (Cont.) 
2546 0-2 Crust, mulch 19"" e .-.. ... ..... 
About 0.2 mile 2547 3-19 Granular to 19"" f .. ... ... ... 
N of SE Corner s1. compact 
of Sec. 29, 2548 20-23 Mottle 19" " f 
T 15 S, R 7 W 2549 24-32 --_.- -_ .. C.G. 7 Deep gull . gray 
2550 33-40 .... . --_ .. 19' '" f 
25fj1 41-70 --_ .. ........ 17'" d Vinaceous buff 
2483 0-3 Granulated clay N. G. Neutral gray 
In SE Corner 2484 4-26 S1. compact 15"'" b Light mouse gray 
of 40, No.1, 2485 28-40 Compact 19"" b 
Sec. 29, 2486 41-56 Less compact 17'" e .. .......... 
T 15 S, R 7 W sandy loam 
2487 57-60 Les's compact 17" , d Vinaceous buff 
sandy loam 
2566 0-5 Granular to 
Just E of S s1. compact 
Center of 2567 6-16 Compact 
Sec. 20, 2568 17-30 Compact 19"" e .. .. ..... .. 
T 15 S, R 7 W 2569 31-50 Les,& compact 
2570 51-70 Sandy loam 
2372 0-4 Crust, mulch N.G. b Light neutral gray 
2373 5-17 Granular to C.G . . 7 Deep gull gray 
In SW Corner s1. compact 
of Sec. 29. 2374 18-25 Compact N.G. a ... _ ... -- .. 
T 15 S, R 7 W 2375 26-38 Compact 21"" e 
2376 39-45 Less compact 21"" d Smoke gray 
2377 46-56 Less compact 19'" e 
2378 57-72 Less compact 17" , f Tilleul buff 
Soluble 
Salts Average (Bridge) 
(0/0 ) 
0.12 
0.35 
0.83 0.72 
1.06 
1.07 
0.77 
2.73 
2.74 
2.74 2.50 
2.24 
1.10 
1.30 
1.34 
0.95 0.99 
0.94 
0.80 
0.24 
0.45 
1.13 0.58 
0.95 
0.95 
0.31 
0.23 
In. 
organic 
COl! 
(0/0 ) 
10.84 
12.32 
12.96 
.... .. .... 
.. _ .. _----
-- .. .. --- -
11.41 
12.06 
13.74 
12.55 
8.85 
6.36 
7.18 
16.93 
13.66 
11.94 
13.14 
10.84 
(4) 
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Table 1. (Continued) 
Horizon 
Location Lab. No. Depth General Structure Color from and Horizonal 
I Surface Characteristics No. Name (in.) (field) 
Woodrow Clay 
2478 0-5 Crust, mulch 19" " e --_ .. _-_. 
2479 6-20 Granular to 19"" c 
-----_ .. -
Near NW Corner s1. compact 
40, No.3, 2480 22-30 Compact 21'" , e ... _ .... .. . 
Sec. 36, 2481. 31-36 (Less compact --_ ...... . 
T 15 S, R 8 W 2482 37-70 (with more 17" , e ----_ .. _-
(sand ) 
2467 0-2 17' " e -. ---_ ... 
In NE Corner 2468 3-6 Disturbed 17" , e 
of Sec. 15, 2469 7-26 Compact 21" " f Pale smoke gray 
T 17 S. R 8 W 2470 27-42 Very compact 17' " e 
2471 43-72 Very compact 21"" d Smoke gray 
2472 0-2 r:rust, mulch 17" , e 
In SE Corner 2473 3-8 Granular to 17"" d Drab gray 
40, No.1, compact 
Sec. 15. 2474 9-24 Very compact 17" , e 
T 17 S, R 8 W 2475 25-30 Very compact 17"" d Vinaceous buff 
2476 31-50 Very compact 17' " e 
2477 51-72 Very compact 17' " d Vinaceous buff 
About 200 ft. 5014 0-8 Disturbed 17" " c 
Sand 200 ft. 5015 9-17 Compact 21'" , f Pale smoke gray 
W of NE Corner 5016 18-34 Very compact 17, rn d Drab gray 
40, No. 16, 5017 36-60 Less compact 17" " e ....... -. 
Sec. 15, 5018 62-68 Coarser material 17'" . e .a ... __ .... 
T 17 S. R 8 W 
Soluble In-
Salts Average organic (Bridge) CO2 
(%) (%) 
0.51 14.87 
2.00 14.72 
2.35 2.20 13.88 
11.33 
2.50 13.21 
0.63 13.27 
0.79 13.21 
1.44 1.03 13.67 
0.83 14.35 
0.92 
0.25 13.43 
0.38 14.02 
0.77 0.57 14.73 
0.68 14.33 
0.70 15.34 
0.37 11.73 
0,45 12.55 
0.74 12.04 
1.03 0.75 11.83 
0.69 
------_. 
0.63 .. .. _ ........ .. 
(5) 
I Remarks 
Cultivated 
field 
In bank 
of open 
drain 
Undisturbed 
for 
several 
years 
In recently 
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(Continued) t 
Location Lab. No. Depth from 
Surface 
(in.) 
------
2460 0-6 
338 ft. Wand 2461 7-20 
280 ft. N of 2462 21-26 
the SE Corner 2463 27-40 
of 40, No.9, 2464 41-54 
Sec. 11, 2465 55-62 
T 17 S, R 8 W 2466 63-72 
5052 0-3 
5053 4-10 
W Center of 
Sec. 28, 5054 12-24 
T 17 S, R 7 W 5055 26-44 
5056 45-66 
400 ft. E and 2450 0-5 
50 ft. S of 2451 6-14 
Center of 2452 15-20 
Sec. 15, 2453 21-72 
T 16 S, R 7 W 
375 ft. E and 2429 0-6 
75 ft. N of 2430 7-15 . 
SW Corner of 2431 17-30 
Sec. 10, 2432 36-72 
T 16 S, R 7 W 
Table 1. (Continued) 
Horizon 
General Structure Color 
and Horizonal 
I Characteristics No. Name 
_______ (jield) 
Woodrow Clay (Cont.) 
Disturbed 17' " e 
Compact 15"'" b Light mouse gray 
Compact 17'" e 
Very compact 21"" f Pale smoke gray 
Very compact 21'" , f Pale -smoke gray 
Less compact 17" , e 
Less compact 17" , d Vinaceous buff 
(with sand) 
Crust, mulch 17'" d Vinaceous buff 
Granular to 15"'" a .... ----
s1. compact 
Very compact 21"" d Smoke gray 
Very. compact 21'" , e .. __ .... 
Very compact 17" , e .. ... ....... 
Oasis Clay 
Disturbed 17"" b Light drab 
S1. compact 17'" d Vinaceous buff 
Open 17" , d Vinaceous buff 
Open 17'" c ._--.... 
Disturbed 17"" b Light drab 
S1. compact 17"" d Drab gray 
S1. compact 17"" d Drab gray 
Open, more 17" , b A vellaneous 
sand 
1 Soluble In. Salts- organic (Bridge) Average CO. 
(%) (%) 
0.30 12.60 
0.66 10.10 
0 .. 60 14.68 
0.84 0.69 11.85 
0.94 12.27 
0.83 12.76 
0.32 9.67 
0.78 12.44 
1.17 9.64 
1.70 
1.80 10.42 
1.79 
1.86 
0.38 14.02 
0.49 14.94 
0.56 0.36 13.80 
0.32 8.88 
0.26 12.98 
0.58 
0.81 0.36 13.35 
0.17 6.82 
Remarks 
Cultivated 
Virgin 
Greasewood 
Cultivated 
Cultivated 
(Continued) 
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Table 1. (Continued) 
Horizon 
Location Lab. No. Depth General Structure Color from and Horizonal 
I Surface Characteristics No. Name (in.) (field) 
Oasis Clay (Cont.) 
180 ft. W of 2512 1-8* Granular t<> 17" , e ........ 
the SE Corner very s1. compact 
of 40, No. 13, 2513 9-13 Compact 21"" d Smoke gray 
Sec. 4. 2514 14-42 Open . 17'" e 
T 17 S, R 7 W 2515 44-72 Open to IS1. compact 17'" e 
--------
2541 2-10 Granular to very 17'" d Vinaceous buff 
Near center s1. compact 
of Sec. 22, 2542 12-17 S1. compact 15" ", Mouse gray 
T 17 S, R 7 W 2543 18-29 S1. compact 21"" f Pale smoke gray 
2544 30-48 S1. compact 19"" g ._ .. _--- .. 
2545 50-72 Open and more 17'" e 
--- .. ----
sandy 
2498 0-4 Crust, mulch 17" , b A vellaneous 
In SW Corner 2499 5-2.0 S1. compact 17'" d VinaceoUis buff 
of 40. No. 16, 2500 21-40 S1. compact 17'" d Vinaceous buff 
See. 13, 2501 41-64 S1. compact 17" , e 
T 17 S, R 8 W 2502 66-74 
------- .. 
17" , d Vinaceous buff 
2560 0-2 Crust, mulch 17" " e 
--.---- .. 
NW Corner of 2561 3-18 S1. compact 17"" c __ .a ____ 
40, No.5, 2562 19-28 S1. compact 19"" g 
. -- .. -- --
Sec. 24, 2563 29-40 
-------- --- -- -------- .. -- --- ,, -- .... 
T17S,R7W 2564 42-72 (Sandy clay 17'" c 
.. _------
2565 42-72 (loam) 17" , e ---_ ....... -
· 0-% or % inch not taken (broken fragment of weeds and greasewood). 
Soluble 
Salts Average (Bridge) 
(%) 
I 
0.79 
0.76 0.41 
0.44 
0.22 
1.04 
0.59 
0.72 0.85 
1.38 
0.54 
2.54 
1.80 
1.00 1.06 
0.69 
0.32 
0.08 
0.97 
1.11 0.61 
0.34 
0.40 
0.58 
In-
organic 
CO2 
(%) 
13.73 
10.56 
13.18 
14.27 
14.20 
9.45 
11.27 
15.61 
.. _ ..... 
15.33 
14.64 
15.39 
16.50 
12.47 
---- ----
--- -_ .. _-
...... _-- . 
-_ .. _- -- .. 
--------
--------
(7) 
Remarks 
Virgin 
Grease-
wood 
Virgin 
In bank of 
river 
--
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Table 1. (Continued) 
Horizon 
Location Lab. No. Depth General Structure Color from and Horizonal 
I Surface Characteristics No. Name (in.) (field) 
Oasis Clay (Cont.) 
2488 0-6 Crust, mulch 17" , d Vinaceous buff 
In NE Corner 2489 7-18 (V. s1. compact) 17" , e ..... ... 
of 40, No. 12, 2490 22-44 ( ) 17' " e ........ 
Sec. 17, 2491 45-60 (Stratified sandy 
T 17 S, R 6 W loam, clay layers'; 
clay predominant to 
60 in.) .... ... . 
2492 62-72 Open, sandy loam 17" , e .. .. _-- -
In SW Corner 5072 0-2 Crust, mulch 17" , e 
of 40, No. 12, 5073 3-16 S1. compact 17' " d Vinaceous buff 
Sec. 32, 5074 18-26 Compact 17" , d Vinaceous buff 
T 17 S, R 6 W 5075 28-60 Loose 17" , e -... --. -
Woodrow Clay lJoam 
2379 0-6 Disturbed 17" , d Vinaceous buff 
SE Corner of 2380 7-16 Compact 17" , c .------. . 
Sec. 36, 2381 17-34 Very compact 17" , c __ e_ . ___ 
T 17 S, R 7 W 2382 35-40 Very compact 17"" e ... _-._-
2383 41-72 Very compact 17" , e 
--------
A little W of 2503 0-4 S1. compact 17" , d Vinaceous buff 
SE Corner of 2504 5-19 Compact 19"" d _ .... _.-
40, No. 14, 2505 20-30 Compact 17" , e _._-----
Sec. 24, 2506 32-72 Compact 17" , e ----._.-
T 17 S, R 7 W 
~-
Soluble In-
Salts Average organic (Bridge) CO2 
(%) (%) 
0.52 14.87 , 
1.11 14.99 
1.03 12.16 
0.82 
0.98 13.38 
0.23 9.72 
0.47 16.07 
0.80 1.02 16.71 
0.90 16.90 
1.18 
---- --- -
2.41 11.14 
1.55 14.00 
2.83 1.58 13.48 
1.24 13.58 
0.80 .. __ .. -. 
0.70 14.46 
0.29 13.65 
0.28 0.25 16.19 
0.18 15.64 
(8) ~ 
Remarks 
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abandoned 
. 
Virgin 
Greasewood 
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Tall 
grease wood 
Virgin 
Greasewood 
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Table 1. (Continued) 
Horizon 
Location Lab. No. Depth General Structure Color from and Horizonal 
Surface Characteristics No. Name (in.) (field) 
Woodrow Clay Loam (Cont.) 
50.35 0.-2 Crust (wide 19' ", e .. ........ . 
vertical cracks) 
50.36 3-18 S.l. Compact 17"" d Drab gray 
(wide vertical 
SE Corner 40., cracks) 
No. 11. Sec. 5, 50.37 19-34 (Compact (wide 19"" d 
T 17 S, R 7 W 50.38 36-48 vertical cracks) 21"" d Smoke gray 
5.039 50.-65 Less compact 17" , f Tilleul buff 
(wide vertical 
cracks) 
60.0. ft. W aJld 50.57 0-3 Crust 21"" d Smoke gray 
150. ft. N of 50.58 4-14 S1. compact 21"" d Smoke gray 
SE Corner 50.59 16-44 21'" , c .. .......... 
Sec. 23, 
T 17 S, R 8 W 
2556 0.-3 Crust, mulch 17" , d Vinaceous buff 
E Center of 2557 4-20. Compact 17' " d Vinaceous buff 
Sec, 35. 2558 22-32 Compact 17" , e ..... .. ... 
T 17 S, R 7 W 2559 33-72 .. ... .... . . 17" , e . ...... .. . 
Oasis Silty Clay Loam 
About 0..1 mile 2390. 0.-23 Crust, mulch 17'" d Vinaceous buff 
N of SE Corner · 2391 3-13 V. s1. compact 17" , d Vinaceous buff 
of Sec. 19, 2392 16-40. Open 17' " e _.- .. _- --
T17S,R6W 2393 42-54 Open 17" , e _ .. _-----
2394 56-72 Open 17" , e .. _- ....... 
-
Soluble 
Salts Average (Bridge) (0/0 ) 
0..16 
0..98 
0..72 
0..49 
0..81 
0..89 
0..0.5 
0..16 
0..72 0..53 
0..57 
0..43 0..22 
0..16 
0..13 
0..49 
0..81 
1.0.5 0..79 
I 0..49 0..65 
In-
organic 
CO2 (0/0 ) 
. ......... .. 
--------
... .. .. _---
-_ .. ....... 
.... .. -...... 
11.80. 
11.64 
.. ... . -..... 
11.73 
14.43 
15.27 
15.30. 
14.16 
13.55 
13.0.3 
10..90. 
12.47 
(9) 
Remarks 
Virgin 
Greasewood 
Too heaVy 
for Woodrow 
clay loam 
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Table 1. (Continued) 
Horizon 
Location Lab. No. Depth General Structure Color from and Horizonal 
I 
Surface Characteristics No. Name (in.) (field) 
Oasis Silty Clay Loam (Cont.) 
About 1/8 mile 2413 0-2 Crnst, mulch 17" , e 
S of NW Corner 2414 3-11 V. s1. compact 17'" d Vinaceous buff 
of 40, No.6, 2415 12-38 Sandy, open 17" , d Vinaceous buff Sec. 15, 2416 40-66 V. s1. compact 19"" d 
..... _-. 
T 17 S. R 7 W 2417 67-72 V. s1. compact C. G. 7-8 
---.--- . 
SW Corner of 5040 0-8 Disturbed 17' " c 
40, No.2, 5041 9-22 S1. compact 17'" d Vinaceous buff 
Sec. 27, 5042 26-46 S1. compact 17" , e 
T 17 S, R 7 W 5043 48-69 Loose, open 17" , d Vinaceous buff 
200 ft. E of 
Sevier River 
5044 0-4 Crust, mulch 17" , c 
S Center of 5045 5-22 V. s1. compact 17" , d Vinaceous buff Sec. 27, 5046 24-34 V. s1. compact 17" , d Vinaceous buff 
TI7S,R7W 5047 36-68 Alternate 17" , e 
--_._--. 400ft. Wof layers of clay 
R. R. and 200 loam, and fine 
ft. E of road sandy loam 
In 40, No. 13, 5048 0-3 Thin crust 17" , b A vellaneous 
Sec. 34, with mulch 
T 17 S, R 7 W 5049 4-2,0 S1. compact 17' " d Vinaceous buff 
Just E of R. R. 5050 22-38 Less compact 17" , d Vinaceous buff 
and N of EW 5051 40-72 Loose (wet) 17" , c 
--------Highway 
2516 0-5 Crust, mulch 17'" e 
About 0.15 2517 6-20 S1. compact 17" , d Vinaceous buff 
mile N of the 2518 21-30 S1. compact 17" , d Vinaceous buff 
SW Cor. of 40, 2519 31-38 (S1. compact ) 17" , e 
------- .. No. 15, Sec. 27, 2520 39-58 (wet ) 17'" e 
T 17 S, R 7 W 2521 59-72 Wet 17" , d Vinaceous buff 
Soluble In-
Salts Average organic (Bridge) CO2 
(%) (%) 
1.04 9.69 
0.97 12.40 
0.66 0.70 10.26 
0.65 14.02 
0.59 8.29 
1.11 
--- -----
0.63 0.94 
.-------
0.94 
----- ---
1.07 
-- ------
2.21 
-----_.-
1.30 
--------
0.79 1.23 ____ a_a. 
0.54 
5.78 10.60 
2.78 2.16 11.55 
2.81 13.66 
1.17 
--------
0.52 11.87 
1.45 15.26 
1.58 16.03 
1.56 1.17 13.85 
1.20 12.16 
0.57 11.81 
(10) 
Remarks 
Loam 
Greasewood 
(In recently 
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area) 
Virgin 
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Location 
NW Corner of 
40, No.9, 
Sec. 21, 
T 17 S, R 6 W 
200 ft. Wand 
50 ft. S of 
NE Corner of 
Sec. 32, 
T 17 S, R 6 W 
SE Corner 40. 
No.9, Sec. 32, 
T 17 S, R 6 W 
NE Corner of 
Sec. 18, 
T 17 S,R6W 
Lab. No. 
5065 
5066 
5067 
5068 
2402 
2403 
2404 
2405 
2406 
2407 
2408 
5069 
5070 
5071 
2384 
2385 
2386 
2387 
2388 
2389 
Table 1. (Continued) 
Horizon 
Depth General Structure Color 
from and Horizonal 
I Surface Characteristics No. Name (in.) (field) 
Oasis Silty Clay Loam (Cont.) 
0-2 I Crust (mulch) 
3-12 S1. compact 
13-24 Compact 
26-50 Less compact 1
17" , 
17" , 
17" , 
17" , 
el ....... . d Vinaceous buff 
d Vinaceous buff 
d Vinaceous buff 
Tentatively caned Oasis Silty Clay Loam 
0-2 Crust, mulch 17" , e 
3-6 Granular to 17" , d Vinaceous buff 
s1. compact 
7-11 Compact clay 17" , c 
12-22 Loose sandy 17'" d Vinaceous, buff 
23-24 (Alternate 17'" . d Vinaceous: buff 
25-54 (layers of sandy 17'" c 
----- ... -
55-72 (loam and clay) 17'" e 
.-----.. 
0-2 17'" e _ .. _- -_ .. 
3-20 17" , c 
------_ .. 
22-48 17" , e 
----- .. _-
O-H Crust, mulch 17"" e .. _- .... 
2-5 Plate 17"" e 
--- .... ---
6-18 Compact 17"" e 
19-38 Less compact 17"" d Drab gray 
39-58 Less compact 19"" e 
59-72 Open 19"" e .... -... . 
Soluble 
Salts 
(Bridge) 
(%) 
0.07 
0.07 
0.14 
0.18 
2.14 
1.01 
1.10 
0.83 
1.32 
0.36 
0.49 
0.67 
1.47 
1.00 
1.64 
1.23 
1.32 
1.16 
1.32 
1.07 
Average 
0.14 
0.63 
1.16 
1.23 
(11) 
In. 
organic Remark.s CO2 
(%) 
I 
........ II Virgin 
..... ::::::::... Greasewood 
13.67 
13.88 
12.60 
11.20 
14.46 Virgin 
7.35 
7.47 
.-------
.-------
Virgin 
-_ .. -_ .. 
13.67 
13.73 Virgin 
15.46 
11.97 
13.87 
11.06 
(Continued) 
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Table 1. (Continued) 
Horizon 
Location Lab. No. Depth General Structure Color from and Horizonal 
I 
Surface Characteristics No. Name (in.) (field) 
Cache Silty Clay Loam 
2424 0-2 Crust, mulch 19"" d *--- .... _. [n SW Corner 2425 3-8 S1. compact 19"" d 
[)f Sec. 22, 2426 9-15 V. s1. compact 21"" d Smoke gray 
r 16 S, R7 W 2427 16-26 (Open, sandy) 17" , b A vellaneous 
2428 28-60 ( loam ) 17" , b A vellaneous 
A little E of 
SW Corner of 5019 0-2 V. s1. compact 17" , e ._ .. --_. 
10, No. 15, 502.0 3-16 V. s1. compact 17' " c 
Sec. 14, 5021 18-22 Compact 17'" d Vinaceous buff 
r 17 S, R 7 W 5022 24-36 
------_. 17' " e .. .. _ ...... 
N of highway 5023 38-50 ... _ .. --_ .. 17' " e ----_ .. . 
and W of railroad 5024 52-72 ....... ...... 17" , c . ....... . . 
2507 0-1 Surface crust 19"" b 
~OO ft. E of 2508 2-11 S1. compact 21"" d Smoke gray 
W Center of 2509 12-28 Compact. hard clay 17' " e -_ ... __ .... 
Sec. 22, 2510 30-44 Mottled clay, 17' " e .. .......... -
T 16 S, R 7 W loose 
2511 48-70 Sandy 17" , e --_ ........ 
5007 0-2 Crust, mulch 17" , e ..... _ .. _--
E Center. 5008 3-7 S1. compact 17" , e --.. .. ..... -
Sec. 14, 5009 8-22 S1. compact 17" , e ... ...... _--
T 17 S, R 7 W 5010 24-34 S1. compact 17' " e 
----_ ... -
E of railroad 5011 34-46 -.- .... .. .. 17' " e 
and S of road 5012 48-52 ---_ .. _-- 17" , !ITilleul ~~~ ... 5013 52-64 .. .. -_ ... ... .... 17' " 
Soluble 
Salts Average (Bridge) 
(%) 
0.42 
0.31 
0.23 0.20 
0.23 
0.15 
0.24 
0.60 
0.86 0.85 
1.32 
1.32 
0.47 
0.34 
0.72 
0.61 0.35 
0.39 
0.19 
0.13 
0.59 
1.93 
1.11 1.36 
1.26 
1.30 
1.56 
In-
organic 
CO2 
(%) 
10.11 
10.29 
11.56 
10.16 
8.68 
14.96 
13.14 
12.82 
..._ .. _- .. -
.. ............ 
. .. ... -..... 
11.98 
13.64 
14.92 
14.67 
12.92 
. ..... ..... 
... -..... -_ ... 
.. ...... .. .. _. 
. ... .. _ ... 
-.. ........ .. 
-.----_ .. 
-. .... ..... 
(12) ~ 
Remarks 
Virgin 
Virgin 
Greasewood 
Virgin 
(Continued) 
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Table 1. (Continued) 
Horizon 
Location Lab. No. Depth General Structure Color from and Horizonal 
I Surface Characteristics No. Name (in.) (field) 
Cache Silty Clay Loam (Cont.) 
400 ft. Nand 5025 0-2i . Crust and v. 17' " d Vinaceous buff 
200 ft. E of 81. compact 
SW Corner 40, 5026 3-8 S1. compact 17" , d Vinaceous buff 
No. 12, Sec. 16, 5027 9-25 S1. compact 17" , e ............ 
T17S,R7W 5028 26-44 S1. compact 17" , c .............. 
5029 46-72 ................ 17" , e .. ......... 
About 300 ft. 5030 0-2i Crust, mulch 17" , d Vinaceous buff 
Nand 50 ft. W 5031 3-15 S1. compact 17' " e ---- .. .. -. 
of SE Corner 5032 16-22 S1. compact 
-------_ .. _- .... _-. .---_ ... -
40, No. 14, 5033 24-46 S1. compact 17' " e ---- .... _-Sec. 9, 5034 48-72 
--------
17"" c 
-- ---- --T17S,R7W 
5060 0-4 Crust, v. s1. compact 17' " e 
SE Corner 40, 5061 5-18 S1. compact 17" , d Vinaceous buff 
No. 11, Sec. 9, 5062 19-26 S1. compact 17" , e -- .. .... _ .. 
T17S,R6W 5063 28-48 S1. compact 17" , e ----_ .... 
5064 0-2 Crust, v. s1. compact. .. = ........... 
---_ .. -.-
Oasis Fine Sandy Loam 
2493 0-4 Loose to sandy 17" , d Vinaceous buff 
Just S of N:W loam 
Corner of 2494 5-14 S1. compact 17" , d Vinaceous buff 
Sec. 6, 2495 15-21 S1. compact 17' " e .. -.. _-_ .. -
T 16 S, R 7 W 2496 22-50 (sligihtly 17" , e ............ 
2497 51-72 ( structure less 17" , e .. _._- .. _. 
Soluble 
Salts Average (Bridge) 
(%) 
1.63 
1.10 1.40 
2.24 
1.75 
0.71 
0.13 
0.21 
0.70 0.50 
0.68 
0.45 
1.9+ 
1.80 
2.13 2.11 
2.35 
2.05 
2.2+ 
1.50 
1.19 0.95 
0.82 
0.57 
In-
organic 
COl! 
(%) 
15.05 
14.56 
11.77 
........... 
..... --... 
--------
--- .. ----
_._-----
--_ ........ 
.. ----- .... 
--_ ..... -
........... 
............. 
----- .. --
-------
9.51 
11.49 
13.39 
13.47 
14.73 
(13) 
Remarks 
Virgin 
Tall 
greasewood 
Virgin 
abandoned 
Virgin 
greasewood 
Abandoned 
(recently) 
(Continued) 
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Table 1. (Continued) 
Horizon 
Soluble 
Location Lab. No. Depth General Structure Color Salts Average from and Horizonal 
I· 
(Bridge) 
Surface Characteristics No. Name (%) (in.) (field) 
------- -- - -
Oasis Fine Sandy Loam (Cont.) 
2395 0-1 Loose f. sandy loam 17"" e .... -.......... 0.74 
NW Corner of 2396 2-5 V. s1. compact 17" " c .... _ .... _- 0.73 
40. No.7, 2397 6-15 V. sl: compact 17'" c ........ -- 2.24+ 1.79 
Sec.28. 2398 16-27 17" , e 2.24+ 
T 17 S, R 6 W 2399 28-32 ( Stratified. ) 17'" d Vinaceous buff 2.3 + 
2400 33-38 (sandy loam and 17'" e ._ .. . -.. _- 2.24+ 
(clay ) 
2401 40-72 Compact clay 17'" d Vinaceous buff 1.50 
In NW Corner 2409 0-6 Loose, ·sandy 17" , d Vinaceous buff 0.49 
40, No. 11, loam 
Sec. 21, 2410 7-18 V. 81. compact 17' " e .......... 0.18 0.66 
T 17 S, R 6 W 2411 20-72 . (Loose and 17" , e ...... ---- 0.60 
2412 20-72 (sandv loam ) 17" , e 
--- --- --
0.95 
Average Percentage Alkali for Ail Horizons from the 56 Locations··· ··.·· ·.······· ... ................. l 0.96 · 
In-
organi.! 
CO2 
(%) 
10.97 
10.45 
11.00 
10.37 
11.71 
9.13 
13.89 
6.61 
10.05 
11.73 
.. . ... _--
(14) 
Remarks 
(Concluded) 
~ 
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Color 
No. 
N. G.h 
C. G. 6 
N. G. 
15'"'' 
N. G. a 
15""'a 
17''''a 
C. G. 7 
N.G.b 
15""'b 
21""b 
19""b 
17""b 
17" 'b 
c. G. 7,8 
21" "e 
19""e 
17""e 
17'''e 
13"'e 
C. G. 8 
N. G. d 
21""'d 
19""d 
17""d 
17"'d 
N. G. e 
21"" e 
19"" e 
17""e 
21'" e 
19'" e 
SoIL CONDITIONS, DELTA AREA 
Table 2-Composition of soil colors 
Color (%> Ratio of 
I 
. I Neutral I I N~,:!~I I Yellow Black White Gray Yellow Orange and and 
. Pure Orange 
Color 
Color 
Name 
53 
1 
26 1-·········· ·'1 64 I ........................ ............ ........................... . 
75 25 .· .. ···.···-1 ........................ ........................ Dark Gull 
1 ..... .... ...1 ......... ...\ 100 ,..... ....... ............ ............ ............ ~~~tral 
1 ............ 1............ 90 1 2.00 8.00 21.22 0.25IM;;: 
:::::::1 ~ ~g.721·ii:ii6 "· ·3:421"'21:22 ·····ii:26 ::::::::::::::: 
5 I 85.501 3.33 6.17\ 9.00\ 0.54 ............... . 
,67.5 32.5 ···········-1-···········\ ............ \ ........................ \DG~iyGull 
i·········· · 9.5 90.5 I .... .. ... . .. .... ........... ·· · ·········IL~~:-al 
I............ 9.5 ' 86.43 0.81 3.26 21.22 0.25lLight 
, I Mouse 
1 Gray 
, ............ 9.5 81.451 6.79 2.26 9.00 3.00 Light 
, ~~~ 
I............ 9.5 81.45 4.80 4.25 9.00 1.13 .. ~~~~~ ..... 
, ............ 9.5 81.45 3.17 5.88 . 9.00 0.54 Light 
1 1 Drab 
1 ............ 1 9.5 1 69.681 7.29 13.53 3.35 1.54 Avellane-
1 1 I 
1 i 
ous 
1 :::~~:::: : H·~::~gl· H~ · ·t~g .... ~:gg ····Hg ::::::::::::::  
15 76.501 2.98 5.52 9.00 0.54 ............... . 
15 65.451 6.84 12.71 3.35 · 0.54 ............... . 
15 65.45 1.76 17.79 3.35 0.10 ............... . 
58.5 . 41.5 ............ 1 ............ . ....................... ............ Gull Gray 
1·" 1 
1 
1 
. . ... . ...... 1 
············1 
I:::::::::::: 
22.5 77.5 ............ 1 .................................... Pale 
22.5 
22.5 
22.5 
22.5 
32 
32 
32 
32 
32 
32 
Neutral 
Gray 
69.75 ·5.81 1.94 9.00 3.00 Smoke 
1 Gray 
69.751 4.12 3.13 9.00 1.13 ............... . 
69.751 2.71 5.04 9.00 0.54 Drab Gray 
59.67 6.24 11.59 3.35 0.54 Vinaeeou81 
1 
Buff 
68.00 ......................... ............ ........................... . 
61.201 5.10 1.70 9.00 3.00 .. ........................ 
61.201 3.60 3.20 9.00 7.13 .................. 
61.201 2.38 4.42 9.00 0.54 .................... ... 
52.361 11.73 3.91 3.35 3.00 ................. 
52.361 8.29 7.35 3.35 1.131 ................ 
I 1 1 
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Table 2. (Continued) 
Color (%) Ratio of 
Color 
I I I I 
N ..... I I Color 
No. Neutral Gray Yellow • Name Black White Gray Yellow Orange and and Pure Orange 
Color 
I I 
10.171 . 17"'e \···47····· 32 52.36 5.47 3.35 0.54 --_ .... ---.-.- .. c. G. 9 53 .... _--_ .... _ .... _ ..... _-_ ....... 
------- ... _-- --_ ...... _----- ----_._ .. _--- Light 
I ............ Gull Gray N. G. f 45 55.00 
------- -----
--- .......... _--
-- ....... __ ..... 
...... ---.- ... -. Pale 
1 Neutral 
I ............ Gray 35""'f 45 52.52 (2.48 green) 21.22 
-- .... _-------
Pearl 
1 
0.00 
Gray 
23""'f I············ 45 52.52 2.48 21.22 * Pale 
1 
Olive 
Gray 
21""f I .... ········ 45 49.50 4.12 1.38 9.00 3.00 Pale 
I Smoke 
Gray 
19""f 
--_ ... ----_ .. - 45 49.50 2.91 2.59 9.00 1.13 .-........... -......... 
17""f ._._ .. _--_ .. _- 45 49.50 1.93 3.57 9.00 0.54 Pale Drab 
Gray 
21" 'f 
--------_ .. _-
45 42.35 9.42 3.16 3.35 3.00 Pale 
1 Olive 
Buff 
17'''f 
------------
45 42.35 4.43 8.22 3.35 0.54 Tilleul 
10.12\ 
Buff 
15" 'f 
---_ .. _- -----
45 42.351 2.53 3.35 0.25 --_._--- .. .. _-----
/ ............ 
I I 
23""'g 70 28.651 
1.
35
1 
0.00 21.22 * _._ .---- ... _ .. _-_. 
21""g 
1 ~~~~::::::~: 70 27.001 2.25 0.75 9.00 3.00 ----_.-._ .. ----- .. 19""g 70 27.001 1.59 1.41 9.00 1.13 -_ ...... _-- --------
17''''g 1---------1 70 II 27.001 1.151 
1.95 9.001 0.54 ------- .. --------17'''g I .... ·.·····. 70 23.101 2.42 4.48 3.35 0.54 .---._------._.-
1 ! I 
*Infinlty. 
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Table 3-Index of friability and related physical properties of soil types 
Laboratory 
No. 
2356-2360 
2526-2530 
2522-2525 
2361-2365 
2444-2448 
2438-2443 
2366-2371 
2454-2459 
Average 
2478-2482 
2467-2471 
2472-2477 
2460-2466 
5014-5018 
5052-5056 
5035-5038 
Average 
1 
Friability II 
Indexes 
0-7 I 0-72 II 
Shrinkage of 
Coefficient 
Depth (in.) 
0-7 I 0-72 
II Moisture for Con-venient Molding 
0-7 I 0-72 
Abbott Clay: Apparent Density-1.92 
7.06 4.33 I 32.35 32.40 37.05 40.80 
5.93 6.44 30.02 32.00 31.85 36.50 
7.31 6.10 23.49 28.96 34.55 36.82 
6.04 5.19 32.44 29.83 44.35 37.72 
4.71 5.08 33.62 30.06 40.30 38.29 
5.63 5.38 27.69 30.96 34.43 38.93 
5.81 5.78 34.87 31.08 40.00 36.50 
5.35 5.15 32.30 36.25 40.45 42.19 
5.981 5.43 II 30.85 I 31.4411 37.87 I 38.35 
Woodrow Clay: Apparent Density-1.90 
7.80 5.811 24.33 25.171 29.64 32.391 
6.29 5.46 27.57 33.22 33.47 36.57 
5.75 5.72 25.96 29.06 30.60 34.69 
5.55 5.232 24.55 30.072 31.13 34.812 
4.60 6.273 26.37 26.093 35.20 32.613 
5.14 5.504 25.87 28.354 32.64 33.424 
7.34 6.693 26.42 27.683 33.13 34.273 
6.071 5.811 1 25.871 28.52 II 32.26 I 34.11 
Oasis Silty Clay Loam: Appal'ent Density-1.85 
2413-2417 10.97 10.64 12.77 19.49 21.79 28.18 
2516-2521 13.44 13.20 17.12 15.83 25.00 27.23 
2390-2394 11.01 13.30 16.84 12.63 25.43 25.60 
5040-5043 7.78 7.28 17.92 20.64 25.90 27.21 
5044-5047 8.07 7.25 18.48 18.82 25.80 27.10 
5048-5051 9.46 9.16 12.92 12.41 24.30 24.95 
5065-5068 17.67 15.12 11.57 11.57 19.72 20.95 
2384-2389 18.82 9.30 17.19 15.01 22.69 23.57 
2402-2408 16.84 17.89 10.27 10.49 18.16 22.54 
5069-5071 17.99 9.73 16.38 14.62 22.42 23.91 
Average 13.20 I 11.29 11 15.151 15.1511 23.121 25.12 
Woodrow Clay Loam: Apparent Density-l.85 
2556-2559 11.61 1 8.46 1 23.02 27.22 33.20 35.08 2379-2383 13.71 6.81 \ 17.99 24.84 24.27 35.15 
2503-2506 8.56/ 8.48 27.14 29.42 32.10 36.42 
5057-5059 12.56 11.58 I 23.52 25.53 28.41 29.08 
Average 11.611 8.83 11 22.921 26.75-11 29.49 I 33.93 
Oasis Fine Sandy lJoam: Apparent Density-1.75 to 1.83 
2493-2497 26.12 1 10.9911 11.89 1 18.9911 21.36 1 29.33 2409-2412 84.40 29.98 3.73 27.03 17.72 23.53 
2395-2401 29.67 16.69 9.45 16.37 20.81 27.73 
Average 46.741 19.22 11 8.361 20.80 II 19.961 26.86 
10-70"; 20-62"; 30-34"; "0- 24". 
56 
Laboratory 
No. 
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Table 3. (Continued) 
Friability 
Indexes 
0-; • 
II Shrinkage of Coefficient 
Depth (in.) 
II " 0-7 I • 
II Moisture for Con-venient Molding 
II 0-7 • 
Cache Silty Clay Loam: Apparent Density-1.85 
2424-2428 8.90 9.11 28.08 22.50 35.10 30.25 
2507-2511 6.22 9.50 30.14 24.26 38.58 34.34 
5007-5010 11.53 8.15 17.15 16.05 26.37 27.62 
5019-5024 9.70 8.66 21.55 23.68 27.98 29.23 
5025-5029 5.97 9.05 20.47 23.96 29.67 26.94 
5030-5034 8.64 7.75 16.76 19.19 26.28 28.26 
5060-5063 I 12.13 11.96 11.33 13.48 21.58 24.58 
Average 9.10 I 11.57 II 20.78 I 19.4311 29.37 I 28.27 
• Average for first 3 or more horizons. 
Friability 
II 
Shrinkage II Moisture for Con-
Laboratory Indexes Coefficients venient Molding 
No. Depth (in.) 
0-7 I f1 I c2 II 0-7 I :F I c' II 0-7 I f1 I c2 
Gordon Clay: Apparent Density-l.94s 
2531-2534 6.48 7.13 29.83 22.69 35.78 29.93 
2535-2540 6.59 6.93 28.40 24.65 24.29 2.95 30.70 29.78 25.30 
2552-2555 6.63 6.50 38.00 25.25 28.89 0:57 30.02 34.82 19.20 
2546-2551 5.52 5.55 26.39 31.74 32.72 38.27 
2483-2487 6.99 6.01 26.90 28.49 27.15 5.18 31.26 33.41 21.00 
2566-2570 5.36 5.07 14.86 28.86 30.08 11.55 35.25 37.92 20.60 
2433-2437 4.67 7.43 28.74 30.09 22.11 7.88 36.70 33.40 25.20 
2372-2378 4.74 4.70 21.24 33.84 32.82 12.54 42.75 39.35 23.49 
Average 5.891 6.161 26.3611 28.421 27.471 6.7811 34.401 34.611 22.46 
Oasis Clay: Apparent Density-l.88~ 
2450-2453 7.65 8.21 13.48 26.55 26.29 9.43 36.8 36.46 " 21.30 
2429-2432 6.16 5.40 58.82 30.86 30.08 2.07 39.6 36.96 20.00 
2512-2515 7.58 8.47 19.20 24.61 20.78 20.72 32.4 30.39 27.30 
2541-2545 7.22 6.42 29.94 27.27 27.76 10.80 35.4 35.72 24.90 
2498-2502 7.62 6.79 8.13 21.35 23.01 14.20 30.7 31.22 23.00 
2560-2565 5.45 5.56 13.27 23.03 25.50 18.46 32.9 35.05 30.77 
2488-2492 8.91 7.91 18.80 18.65 15.51 7.25 26.3 24.88 20.60 
5072-5075 6.56 6.27 21.00 22.21 28.7 29.95 
Average I 7.141 6.881 23.0911 24.161 23.891 11.8511 32.851 32.581 23.98 
If fine-textured horizons. 
2C coarse-textured layers. 
sThe apparent density of 1.94 is for all measuremen~s except in c columns in which the 
apparent density varied between 1.65 and 1.75. 
~e apparent density of 1.88 was maintained for all samples exoept those marked c2, 
which varied from 1.64 to 1.76. 
Lab. I Depth I No. (Inch-
es) 
2356 
2357 
2361 
2362 
2365 
2363 
2366 
2367 
2368 
2454 
2455 
2456 
2457 
2472 
2473 
2474 
0-2 
3-9 
0-3 
4-16 
17-21 
24-48 
0-4 
5-15 
16-23 
0-3 
4-12 
13-24 
25-44 
0-2 
3-8 
10-24 
5014 I 0-8 
5015 9-17 
5016 ' 18-34 
Table 4-Composition and amounts of soluble salts (alkali) given as percentage of dry weight of soil 
Location Pereentage II C I I ' II Na I K I Mg I Ca I Cl I SO, I HCOs I COs tio~s Anions Total 
I 
% 
Evapo-
ration 
Just E of Center I 0.850 I 0.023 I 
of Sec. 34, I .312 I .009 
0.072 I 0.255 
.013 I .032 1.330 .305 0.985 .335 0.024 .042 .000 .000 1.200 .366 I II 2.339 I 3.539 I 3.816 .682 1.048 II 1.035 
T 15 S, R 7 W 
NE Corner of 40, 
No.8, Sec. 24. 
T 15 S, R 8 W 
0.15 mile W of 
SE Corner in 
Sec. 19, 
T 15 S, R 7 W 
North Center of 
Sec. 4, 
T 16 S, R 7 W 
In SE Corner of 
40, No.1, Sec. 15 
T 17 S, R 8 W 
(In bank of open 
drain) 
About 200 ft. S 
and 200 ft. W of 
NE Corner 40, 
No. 16, Sec. 15, 
T 17 S, R 7 W 
.059 .006 
.455 .011 
.653 .014 
.343 .010 
.201 .008 
.233 .010 
.221 .008 
.044 
.324 
.374 
.184 
0.041 
.093 
.199 
.002 
.008 
.006 
.006 
0.004 
.006 
.006 
.0021 .017 
.076 ' .124 
.030 .252 
.041 .125 
.026 .014 
.014 .030 
.009 .055 
.000 
.017 
.049 
.062 
.009 
.005 
.016 
.003 
.143 
.314 
.217 
.023 
.024 
.041 
0.119 
.201 
.303 
I 
0.012 I' 0.007 1 0.013 I 
.009 .007 .010 
1 .008 I .032 I .. 030 1 
'.088 
.738 
1.290 
.726 
.164 
.157 
.142 
.012 
.351 
.445 
.467 
0.043 
.113 
.290 
0.112 
.152 
.177 
.032 
.351 
.367 
.189 
.131 
.392 
.512 
.011 
.518 
.810 
.457 
0.030 
.083 
.178 
0.093 
.290 
.536 
.057 
.027 
.024 
.030 
.042 
.048 " 
.048 
.121 
.097 
.055 
.036 
0.109 
.039 
.036 
0.060 
.054 
.048 
.000 
.000 
.000 
.000 
.015 
.000 
.000 
.000 
.000 
.000 
.000 
0.012 
.000 
.000 
.084 
.666 
.949 
.519 
.249 
.287 
.293 
.049 
.492 
.743 
.469 
.077 
.128 
.262 
0.000 I' 0.151 
.000 .228 
.000 1 .373 1 
.177 
1.116 
1.680 
.945 
.352 
.597 
.702 
.261 
1.782 
2.629 
1.464 
.601 
.884 
.995 
.966 1.458 ' .1441 .193 
I 
1.310 2.053 I 
.960 11.42911' 
.194 0.271 
.235 I .363 
.504 .766 
0.265 
.496 
.761 
0.416 
.724 
1.134 
.278 
1.895 
3.044 
1.652 
.668 
.893 
.971 
.190 
1.547 
2.461 
1.742 
0.248 
.377 
.770 
0.448 
.740 
1.038 
~ 
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Lab. I Depth I No. (Inch-
es) 
5052 0-3 
5053 4-10 
5054 12-24 
2390 I 0-2 ~ 
2391 3-13 
2392 16-40 
2372 0-4 
2373 5-17 
2374 18-25 
2546 0-2 
2547 3-19 
2548· 20-23 
Table 4. (Continued) 
'Location r Na I K Percentage II C I I II % Mg I Ca I CI I SO" I HCOa I cas tio~s Anions Total ~~i~~-
West Center of 0.131 I 0.020 0.020 I 
Sec. 28, .220 I .016 .022 
T 17 S, R 7 W . .277 .010 .005 
I I 
About 0.1 mile I 0.148 I 0.016 I 0.002 I 
N of SE Corner .257 , .022 .001 I 
of Sec. 19, I .370 .012 I .001 I 
T 17 S, R 6 W I I I I 
SW Corner of 0.058 I 0.008 I 0.004 I 
Sec. 29, .111 .006 .005 I 
T 15 S, R 7 W .234 .008 I .004 , 
About 0.2 mile I 0.029 0.000 I 0.000 I 
N of SE Corner I .094 I .006 I .003 1 
Sec. 29, I .142 I .008 .015 
T 15 S, R 7 W I I I 
0.058 
.086 
.168 
0.003 
.004 
.002 
0.004 
.117 
.093 
0.003 
.016 
.058 
I 
0.319 
.442 
.626 
0.078 
.164 
.320 ' 
I 
0.046 
.108 
.406 
I 
0.009 
.120 
.301 
I 
I 
0.061 
.168 
.401 
0.056 
.174 
.320 
0.031 
.135 
.244 
I 
0.070 
.079 
.060 
0.063 
.039 
.060 
0.076 
.036 
.060 
0.034 .133 
.048 .072 
.182 .054 
0.000 
0.000 
.000 
0.050 
.
045 1' 
.030 
0.000 
.000 
.000 
.000 
.000 
.000 
I 
0.229 0.450 0.67911 
.344 .689 1.033 
.460 1.087 1.547 I 
II 
0.169 0.247 0.41611 
.278 I .422 I .700 
.385 .730 1.115 I 
I . 
0.776 
1.171 
1.798 
0.492 
.816 
1.050 
0.074 0.153 I 0.227 II 0.242 
.239 .279 I .518 1' .454 
.339 .710 I 1.049 I 1.135 
.032 .1761. .208 11 .123 
.119 I .240 .359 .348 
.223 .537 I .760 .834 
II 
I 
.179 I .321 .500 I 25521 0-2 
2553 3-15 
2554 20-48 
50 ft. S and I .102 I .009 I .016 I 
I 50 ft. W of NE I .124 .008 I .012 I 
Corner, Sec. 12, .070 .004 I .003 I 
.052 
.028 
.010 
.209 
.122 
.074 
.082 
.206 
.065 
.030 I 0.000 
.033 .000 
.060 .000 
.172 I .361 .533 
.087 .199 .286 
.78711.394 I 2.184 1
1
' 
.528 I .947 11.475 1 
.857 1.996 2.853 
.545 
.540 
.262 
2379 0-6 
2380 7-16 
2381 17-34 
2450 0-5 
2451 6-14 
2452 15-20 
T 16 S. R 8 W I I I 
SE Corner I .674 .010 I .031 I 
Sec. 36, I .442 I .031 I .014 I 
T 17 S, R 7 W .553 .026 I .049 I 
I I I I 400 ft. E and ! 0.109 0.008 I 0.001 I 
50 ft. S of I .l39 I .000 .001 I 
Center of Sec. 15, I .174 I .002 I .001 
T 16 S, R 7 W I I I I 
.072 
.041 
.229 
1.129 
.562 
.470 
.235 
.349 
1.490 
.030 I .000 
.036 .000 
.036 .000 
0.003 I 0.068 I 0.056 I 0.105 I .000 
.004 I .079 I .067 .145 I .000 
.007 I .099 .123 .194 I .009 
I I I 
I I II 
0.121 I 0.229 I 0.350 'I 
.144 I .291 .435 
.189 I .425 I .609 I 
I I I II 
2.414 
1.552 
2.826 
0.385 
.489 
.556 
~ 
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Lab. I Depth I No. (Inch-
es) 
2512 0-8 
2513 9-13 
2514 14-42 
5072 0-2 
5073 3-16 
5074 18-26 
2556 0-3 
2557 4-20 
2558 21-32 
5048 0-3 
5049 4-20 
5050 22-38 
2516 0-5 
2517 6-20 
2518 21-30 
2413 0-2 
2414 3-11 
2415 12-38 
--
Table 4. (Continued) 
Location I Na I K Percentage II C I I' II 0/£ Mg I Ca I CJ I SO, I HCOa I C03 tio~s I\nions Total ~:i~~- · 
0.234 I 0.010 I 0.003 1 0.019 I 0.163 II 180 ft W of SE 0.297 0.073 0.000 0.266 0.533 0.799 I 0.790 
Corner of 40, .2.14 .008 .006 .026 .195 .307 .051 .003 .254 .556 .810 I .762 
No. 13, Sec. 4, .125 .006 .004 I .024 .127 .142 .030 .006 .159 .305 .464 I .444 
T 17 S, R 7 W 
0.000 I 0.006 
I 
I 
In 'SW Corner 40, 0.141 0.012 0.152 0.075 0.109 0.000 0.159 0.336 0.495 0.472 
No. 12, Sec. 32, .261 .008 .000 I .001 .088 .153 .176 .047 .270 .464 .734 .801 
T 17 S, R 6 W .295 .010 .000 
.0071 .202 .227 .126 .015 .312 .580 .892 .902 
E Center of 0.157 0.008 0.000 0.005 0.219 0.041 0.082 0.009 0.170 0.351 0.521 0.566 
Sec. 35, .124 .008 .001 
.007 I .161 .038 .073 .000 .140 I .272 .412 .426 
T 17 S, R 7 W .040 .014 .002 .005 .032 .033 .060 .000 .061 .125 I .186 I .157 
I 
6.849 I In 40, No. 13, 2.660 0.056 0.037 I 0.167 0.855 3.020 0.054 0.000 2.920 3.929 5.982 
Sec. 34, (E of 0.864 .025 .037 I .220 .450 1.340 .211 .000 1.146 2.001 3.147 \ 2.783 
railroad and N .592 .012 
.027 I .229 .449 1.562 .024 .000 .860 2.035 2.895 2.807 
of EW road) I I 
T 17 S, R 7 W I I 
" 
I I 
About 0.15 mile I 0.145 0.018 I 0.007 I 0.026 0.173 0.100 0.066 .0.000 0.196 0.339 0.535 1 0.520 N of SW Corner I .514 .010 I .002 I .009 .465 .427 .060 .006 .535 .958 1.493 1.452 
of 40, No. 15, .542 .020 .002 I .008 .545 .193 .054 .006 .572 .798 1.370 1.585 
Sec. 27, I 
" 
T 17 S, R 7 W I I 
" 0.040 0.002 I 0.0061 0.285 
" 
About Va mile S 0.325 0.286 0.078 0.009 0.373 0.658 1.031 I 1.036 
of NW Corner 40, .270 .008 .000 I .002 .213 .182 .103 .025 .280 .523 .803 .970 
No.6, Sec. 15, .143 .004 I .006 I .018 .149 .154 .048 .006 .171 .357 .528 I .656 
T 17 S, R 7 W I I I I I I I 
" 
----- - - ----- --- - --- --------- --------
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Lab. I Depth I No. (Inch-
es) 
2402 0-2 
2403 3-6 
2404 6-11 
2405 12-22 
5057 0-3 
5058 4-14 
2424 0-2 
2425 3-8 
2426 0-15 
2427 16-26 
5025 0-2~ 
5026 3-8 
5027 9-25 
5019 0-2 
5020 3-16 
5021 18-22 
Location 
200 ft. W, 50 ft. 
S of NE Corner 
of Sec. 32, 
T 17 S, R 6 W 
600 ft. Wand 
150 ft. N of SE 
Corner Sec. 23, 
T 17 S, R 8 W 
In SW Corner of 
Sec. 22, 
T 16 S, R 7 W 
400 ft. Nand 
200 E of SW 
Corner 40, No. 12 
Sec. 16, 
T 17 S, R 7 W 
N of highway and 
W of railroad 
Just E of SW 
Corner of 40, 
No. 15, Sec. 14 
T 17 S, R 7 W 
Table 4. (Continued) 
Na I K Percentage II c I I I Mg I Ca I Cl I SO. I RCO. I CO. tio':;s Anions Total I 
I 0.628 0.063 0.002 1 .0.007 I 0.589 0.455 0.289 0.000 0.700 11.333 I 2.033 II 
.287 .027 .001 .005 .277 .130 .259 .000 .320 .666 I .986 II 
.360 . .024 .002 .006 .271 .188 .120 .089 
.3921 .668 1.060 II 
.280 .018 .003 .006 .235 .144 
.030 I .107 .307 .516 .823 
0.007 0.000 0.001 0.005 0.007 0.008 0.042 I 0.000 0.013 0.057 0.070 II 
.015 .000 .003 .018 .046 .011 .030 .000 
.036 .087 I .123 
I 
II 
I II 
" 
0.071 0.006 0.005 0.001 0.053 0.045 0.139 0.000 0.083 0.2371 0.320 I 
.059 .002 .000 .001 .050 .051 .106 .003 .062 .210 .272 
.055 .000 .001 .007 .036 .044 .075 .000 .063 .155 .218 
.050 .002 .001 .007 .025 .043 .069 .003 .060 .140 .200 
0.504 0.0191 0.011 0.022 0.707 0.164 0.075 0.000 0.556 0.946 1.502 
.326 .023 .004 .009 .409 .085 .145 .000 .362 .639 1.001 
.528 .022 .005 .151 .807 .584 .060 .000 .706 1.451 2.157 
. I I 
0.032 I 0.008 I ~.046 I 0.061 0.006 0.042 0.115 0.000 0.107 0.2031 0.310 
.216 .006 
.000 I .005 .170 .168 .098 .006 .227 .441 .668 
.265 .006 .007 .011 .202 .360 .048 
.000 I .289 .61.0 I .896 II I 
I I I I II I I I I 
. ~ 
I I I J 
" 
I I 
. " I 
I I . I I II I I II 
% 
Evapo-
ration 
2.142 
1.006 
1.099 
.834 
0.054 
.158 
0.420 
.313 
.229 
.233 
1.635 
1.096 
2.244 
0.241 
.600 
.861 
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SOIL CONDITIONS, DELTA AREA 61 
Table 5-Composition and amounts of soluble salts (alkali), in milligram 
equivalents per 100 grams of dry soil 
I 
\ 2356 36.94 0.48 5.95 12.80 37.51 20.50 0.39 1 0.00 58.41 56.17 
2357 13.56 0.23 1.04 1.59 8.60 6.97 0.69 0.00 16.26 1 16.42 
1 
2361 2.56 0.16 0.15 0.88 2.48 0.67 0.93 0.00 4.08 3.75 
2362 19.79 0.24 6.25 6.20 2.65 7.30 0.44 0.00 28.39 32.48 
2365 28.37 0.36 2.43 12.60 36.37 7.65 0.39 0.00 44.41 43.76 
2363 14.93 0.25 3.91 6.25 20.47 3.45 0.45 0.00 25.34 24.37 
2366 8.77 0.21 2.11 0.66 4.62 2.40 0.69 0.49 11.75 
1 
8.20 
2367 10.15 0.25 1.12 1.48 4.42 6.97 0.79 0.00 13.00 12.18 
2368 9.62 0.18 0.72 0.73 4.00 9.35 0.79 0.00 13.25 14.14 
2454 1.91 0.07 0.00 0.16 0.34 0.20 1.98 0.00 2.14 2.52 
2455 14.10 0.13 1.37 7.05 9.67 9.45 1.59 0.00 22.65 20.71 
2456 16.28 0.16 3.98 15.65 15.32 15.01 0.91 0.00 36.07 31.24 
2457 8.00 0.13 5.04 10.80 13.02 8.35 0.59 0.00 23.97 21.96 
2472 1.77 0.10 0.75 1.15 1.18 0.52 1.79 1.40 3.77 3.89 
2473 4.06 0.15 0.44 1.18 3.15 1 1.52 0.65 0.00 5.83 5.32 
2474 8.67 0.15 1.29 2.05 8.07 3.27 0.60 0.00 12.16 11.94 
5014 5.17 0.29 0.54 0.63 3.14 1.94 0.98 0.00 6.06 6.63 
5015 8.73 0.24 0.64 0.57 4.30 6.03 0.88 0.00 11.21 10.18 
5016 13.15 0.22 '2.64 1.48 4.90 9.78 0.80 0.00 17.49 15.48 
5052 5.69 0.50 1.61 2.90 8.98 1.12 1.15 0.00 10.70 11.25 
5053 9.57 0.40 1.86 4.30 12.4() 3.08 1.30 0.00 ' 16.13 16.78 
5054 12.04 0.26 4.02 8.40 17.65 7.33 1.00 0.00 24.72 25.98 
2390 6.46 0.38 0.13 0.15 2.21 1.01 1.06 1.68 7.12 5.96 
2391 10.90 0.54 0.12 0.18 4.62 3.18 0.65 1.48 11.74 9.93 
2392 16.10 0.34 0.08 0.11 9.04·1 5.50 1.00 0.99 16.63 16.53 
2372 2.53 0.16 0.35 0.20 1.301 0.64 1.24 0.00 3.18 3.24 
2373 4.83 0.15 0.39 2.34 3.04\ 2.81 0.59 0.00 6.44 7.71 
2374 10.15 0.20 0.31 4.64 11.44 4.45 0.98 0.00 15.30 16.87 
2546 1.28 0.06 0.00 0.16 0.251 0.62 2.20 I 0.00 1.50 3.09 
2547 4.08 0.15 0:24 0.79 3.38 \ 0.89 1.20 0.00 5.26 5.47, 
2548 6.17 0.19 1.26 2.88 8.49 3.32 0.90 0.00 10.50 12.71 
2552 4.43 0.24 1.33 2.61 5.89 1.70 0.49 0.00 8.08 
I 
8.61 
2553 5.40 0.20 '1.01 1.41 3.42 4.29 0.54 0.00 8.25 8.02 
2554 3.05 0.10 0.28 0.48 2.09 1.23 0.99 0.00 3.91 4.31 
2379 29.62 0.25 2.52 3.67 31.86 4.90 I 0.49 0.00 37.26 36.06 
2380 \ 19.22 0.80 1.14 2.03 15.84\ 7.29 \ 0.59 0.00 23.72 23.19 
2381 24.10 0.66 4.01 11.41 13.24 27.20 0.59 0.00 40.18 41.03 
24501 4.77 0.21 0.09 0.12 1.90 11.171 1.72 0.00 4.79 5.19 
2451 6.02 0.01 0.09 0.19 2.19 1.401 2.37 0.00 5.86 6.31 
2452 4.43 0.24 1.33 2.61 5.89\ 1.7() 0.49 0.00 8.08 8.61 
4.52\ 5.41 
1 
2512 10.02 0.27 0.95 0.24 1.20 0.00 11.48 11.13 
2513 9.33 0.22 0.48 1.32 5.421 5.62 0.85 0.10 11.35 11.97 
2514 5.46 0.13 0.32 1 1.21 3.55 2.60 0.50 0.20 7.12 6.85 
\ 
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Table 5. (Continued) 
5072 6.12 0.32 0.00 0.28 4.30 1.36 1.80 0.00 6.72 7.46 
5073 11.38 0.23 0.00 0.72 2.50 2.80 2.88 1.57 12.33 9.75 
5074 12.8~ 0.24 0.00 0.37 5.69 4.15 2.00 0.49 13.43 12.33 
2556 6.82 0.19 0.02 0.25 6.18 0.77 1.34 0.29 7.28 8.58 
2557 5.39 0.21 0.11 0.36 4.53 0.69 1.20 0.00 6.07 6.42 
2558 1.72 0.33 0.16 0.25 0.90 0.60 1.00 0.00 2.46 2.50 
5048 70.26 1.43 3.02 8.34 24.08 62.75 0.88 0.00 87.71 83.05 
5049 22.73 0.64 3.07 10.96 12.67 27.87 3.40 0.00 43.99 37.40 
5050 25.72 0.31 2.24 11.40 12.64 28.50 0.40 0.00 39.67 41.54 
2516 6.30 0.47 0.58 1.29 4.89 1.82 1.10 0.00 8.64 7.79 
2517 22.35 0.28 0.16 0.47 12.95 7.82 0.99 0.20 23.26 21.96 
2518 23.50 0.51 0.15 0.39 15.40 3.52 0.89 0.20 24.55 20.09 
2413 14.12 1.02 0.20 0.32 8.03 5.28 1.31 0.30 15.66 14.92 
2414 11.73 0.23 0.00 0.09 6.51 3.31 1.68 0.83 12.05 12.33 
2415 6.23 0.85 0.47 0.92 4.20 2.82 0.79 0.20 8.47 8.01 
2402 27.30 1.61 0.19 0.34 16.61 9.47 4.73 0.00 30.81 29.44 
2403 12.49 0.68 0.09 0.23 7.81 2.70 4.24 0.00 14.75 13.49 
2404 15.65 0.62 1 0.18 0.31 7.61 3.43 2.01 2.96 16.76 16.05 2405 12.15 0.46 0.23 0.30 6.65 2.63 0.50 3.56 13.14 13.34 
5057 0.32 0.01 0.06 0.27 0.20 0.15 0.70 0.00 0.66 1.05 
5058 0.67 0.00 0.22 0.85 1.30 0.25 0.50 0.00 1.74 2.05 
2424 3.08 0.17 0.42 0.72 1.50 0.79 2.28 0.00 4.39 4.57 
2425 2.56 0.04 .......... _- 0.56 1.40 0.92 1.731 0.10 3.16 4.15 
2426 2.39 0.00 0.11 0.37 1.00 0.81 1.23\ 0.00 2.87 3.04 
2427 2.19 0.06 0.09 0.35 0.70 0.78 1.14 0.10 2.69 2.72 
5025 21.89 0.49\ 0.89 1.09 19.94\ 3.41 1.221 0.00 24.57 24.36 
5026 14.16 0.58 0.30 0.43 11.531 1.76 2.37\ 0.00 15.66 15.47 
5027 22.92 0.54 3.85 7.50 22.80 10.661 1.00 0.00 34.81 34.46 
1 
0.771 5019 2.65 0.14 2.61 0.42 1.30 1.90 0.00 5.82 3.97 
5020 I 9.42 0.15 0.00 0.24 4.79 3.081 1.59 0.22 9.81 9.68 
5021 11.51 0.15 0.58 0.57 5.69 6.57\ 0.80 0.00 12.81 12.06 
1 1 1 
Table 6-Chemical analysis of soils (dried at 110°C.), Delta Area 
Abbott Clay Gordon Clay II Woodrow Clay 
Horizons 1st 2d I 3d 14th II 1st I 2d I 3d II Virgin l~\Ultivat~.: I 2d 3d 
2366 ; 2367 2368 2457 2372 2373 2374 2472 5014 2473 2474 
Laboratory 2454 2455 . 2456 2546 2547 2548 5015 5016 
Nos. 2356 2357 2358 2363 2552 2553 2554 5052 5053 5054 
2361 2362 2365 I 
Silica (Si02) ............................ 45.92 47.62 43.49 40.83 46.43 44.15 40.92 41.97 40.35 42.17 41.92 
Carbon Dioxide (C02) ............ 8.53 7.47 10.31 13.07 9.86 11.16 14.32 13.33 13.05 12.60 13.03 
Aluminum Oxide (AhOa) ........ 13.82 14.63 13.26 12.06 13.87 13.21 12.01 11.52 12.80 12.00 12.62 
Iron Oxide (Fe20s) ................ 4.56 4.93 4.45 3.87 4.31 3.92 3.72 3.76 3.68 3.98 4.08 
Calcium Oxide (CaO) ............ 10.87 9.67 12.95 16.20 11.62 13.42 16.62 15.24 14.52 13.99 14.42 
Magnesium Oxide (MgO) ...... 5.43 5.27 5.35 5.36 5.71 5.77 5.24 5.44 5.34 5.21 5.18 
Sodium Oxide (Na20) ............ 1.24 1.26 1.16 .99 0.70 0.77 0.63 0.55 0.55 I 0.75 0.84 
Potassium Oxide (K20) ........ 2.12 2.04 1.77 1.75 1.87 1.77 1.81 2.13 2.44 2.27 I 2.08 
Combined Water (H20) ........ 5.25 5.11 5.17 4.41 4.57 4.66 3.94 4.44 4.84 4.71 4.04 
Phosphorus Pentoxide (P205) 0.25 0.22 0.21 0.i8 0.24 0.21 0.21 0.23 0.22 0.23 0.22 
Nitrogen (N) .......................... 0.095 0.10 0.08 0.06 0.07 0.07 0.05 0.08 0.16 0.08 0.04 
Organic Carbon (C) ................ 1.05 1.10 0.87 0.65 0.76 0.75 0.61 0.77 1.68 1.01 0.44 
Sulphur Trioxide (SOs) ........ 0.41 0.42 0.47 0.39 0.08 0.20 0.18 0.09 0.14 0.21 0.33 
Titanium Oxide (Ti02) .......... ~ 0.49 0.49 0.45 
Chloride (soluble) (CI) .......... , 0.39 0.39 0.65 0.60 0.09 0.12 0.26 0.18 0.09 0.24 0.36 
TOTAL ...................... 1100.02 1100.23 1100.19 1100.42 11 100.18 /100:17 /100.52 1/100.22 1 99.86 1 99.91 1100.05 
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Table 6. (Continued) 
Oasis Clay 
II v;,,;, 3d 
Woodrow Clay Loam 
Horizons' l~t /I 2d I 1st 3d 
2405 
Laboratory 2402 2450 2403 2452 2556 2379 2557 2558 
Nos. 5072 2512 2451 2514 5057 5058 2381 
5073 5074 2380 
Silica (Si02) .............................................................. . 41.90 42.59 40.58 46.43 47.66 47.38 43.02 37.98 
Carbon Dioxide (C02) ............................................ 15.11 14.24 15.52 14.06 12.14 11.41 13.82 14.97 
Aluminum Oxide (AhOs) ........................................ 8.90 10.03 9.37 10.73 9.60 10.85 12.08 
Iron Oxide (Fe20 s) .................................................. 2.37 
1 
13.36* 3.20 2.78 3.27 2.78 3.49 3.72 
Calcium Oxide (CaO) ............................................ 17.69 16.21 17.46 15.64 14.06 14.85 15.94 17.40 
Magnesium Oxide (MgO) ...................................... 5.13 5.16 5.55 4.85 4.72 4.85 5.21 5.75 
Sodium Oxide (N a20) ............................................ 1.71 0.99 1.44 1.44 0.715 2.10 1.01 1.025 
Potassium Oxide (IVO) ........ ........................... ..... 1.89 2.00 2.03 1.85 1.97 1.68 1.80 1.82 
Combined Water (H20) ........................................ 3.38 3.83 2.91 2.57 3.645 2.81 3-:-33 3.565 
Phosphorus Pent-oxide (P2015) .............................. 0.277 0.236 0.208 0.178 0.22 0.33 0.217 0.175 
Nitrogen (N) ...... ....................................... ............. 0.097 0.096 0.046 0.028 0.052 0.077 0.055 0.030 
Organic Carbon (C) ...................................... .......... 1.16 I 1.04 0.51 0.34 0.505 0.90 0.527 0.380 
Titanium Oxide (Ti02) ............................................ 0.461 0.426 0.382 0.351-
Sulphur Trioxide (SOs) ........................................ 0.279 1 0.162 0.154 0.183 0.093 0.307 0.197 1.175 Chloride (soluble) (CI) ........ .................................. 0.337 0.117 0.149 0.195 0.115 0.87 0.181 0.252 
TOTAL ...................................................... 1100.23 \100.04 /100.25 / ~00.36 1/100.28 1--~9 .94-1/100.00 /100.33 
·Sum of A120 s and F~08. 
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Table 6. (Continued) 
Horizons II 
Oasis Silty Clay Loam II Cache Silty Clay Loam 
1st I 2d I 3d II 1st I 2d I 3d 14th 
2390 2391 2392 2424 2425 2426 2427 
Laboratory 5048 5049 5050 5025 5026 5027 
Nos. 2516 2517 2518 5019 5020 5021 
2413 2414 2415 
Silica (Si 02) .................... ~ ........................................................... 48.15 44.98 48.91 41.29 42.21 47.39 55.05 
Carbon Dioxide (C02) .................................................................. 11.80 13.57 13.53 13.70 13.31 12.64 10.35 
Aluminum Oxide (AhOa) .......................................................... 8.81 9.46 11.38* 10.40 15.54* 10.13 9.17 
Iron Oxide (Fe20 a) ••••••••••••••••••••••••• •.•••••••.••••••• •••••••.••.•.••...•.••... • 2.50 2.82 3.33 3.16 2.57 
Calcium Oxide (CaO) ........................................................ ........ 14.57 15.80 15.07 15.71 14.69 14.63 13.10 
Magnesium Oxide (MgO) ........................................................ 4.93 5.11 4.407 5.31 5.36 4.46 3.40 
~~~~:Iu~xig~ia~ (~!O )".::::::~~~~~~::::::::~~~:~:~~:~:~~:~::::::::::::::::~:::::::: 1.65 1.60 1.57 0.76 0.96 1.09 1.12 2.08 1.91 1.69 2.19 2.12 1.81 1.69 
Combined Water (H20) .............................................................. 2.99 2.795 2.30 4.41 4.09 3·.20 2.39 
Phosphorus Pentoxide (P201i) ................................................ 0.279 0.242 0.194 0.269 0.228 0.216 0.146 
Nitrogen (N) .............................................................................. 0.074 0.047 0.019 0.138 0.067 0.042 0.046 
Organic Carbon (C) .................................................................... 1.065 0.635 0.233 1.79 0.741 0.570 0.870 
Sulphur Trioxide (SOa) .............................................................. 1.175 0.817 0.655 0.134' 0.150 0.314 0.076 
Titanium Oxide (Ti02) ................................................................ 0.409 0.390 0.447 
Chloride (soluble) (CI) .............................................................. 0.361 0.335 0.376 0~276 0.220 0.354 0.025 
TOTAL .......................................................................... 11100.43 1100.12 /100.33 11100.12 /100.08 1100.45 100.00 
·Sum of AltOs and F~03' (Concluded) 
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Table 7-Area and percentage of cultivated, abandoned, and virgin lands for eight of the soil types of the Delta Area for 1919 and 1932 
Soil Type 
Abbott Clay ............................................ 
Gordon Clay .......................................... 
Woodrow Clay ........................................ 
Oasis Clay .............................................. 
Woodrow Clay Loam ............................ 
Oasis Silty Clay Loam ........................ 
Total 
Acres 
11,404 
15,051 
5,074 
27,941 
8,463 
14,590 
Cache Silty Clay Loam ........................ 110.547 
Oasis Fine SaIl~y Loam ............. ~ .......... / 13,437 
II Non· Virgin Virgin 
Acm I % II Acres I % " 
1919 
2,612 22.9 8,792 77.1 
3,215 21.3 11,836 78.7 
2,600 51.2 2,474 48.8 
8,335 29.8 19,606 70.2 
2,886 34.1 5,577 65.9 
4,821 33.0 9,769 67.0 
2,170 20.6 8,377 79.4 
4,857 36.1 8,5801 63.9 
Old 
Abandoned 
Recent 
Abandoned II Cultivated 
0;' /0 0;' /0 0;' /0 ~ I 0/ II I I 0 / II I I 0/ c::::: Acres Total ~on: Acres Total ~on: Acres Total N.on: ill 
1,441 12.6 
2,962 19.7 
1,095 21.6 
6,102 21.8 
2,430 28.7 
3,732 25.6 
2,081 19.7 
2,927 21.8 
Virgin Virgin Virgin 
16.4 1,055 9.3 12.0 6,296 55.2 71.6 
25.0 1,698 11.3 14.3 7,176 47.7 60.6 
44.3 299 5.9 12.1 1,080 21.3 43.7 
31.1 3,051 10.9 15.6 10,453 37.4 53.3 
43.5 903 10.7 16.2 2,244 26.6 39.6 
38.2 1,309 90.0 13.4 4,728 32.4 48.4 
24.9 1,21°1 11.5 14.5 5,086 48.2 60.7 
34.1 1,2631 9.4 14.7 4,390 32.7 51.2 
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TOTAL .................................... \\106,507\\ 31,496\ 29.6\\ 75,011/ 70.4// 22,770/ 21.4/ 30.3//10,788/10.1/14.4/1 41,453/ 38.9/ 55.3 
Soil Type Total Acres 
Abbott Clay ....... ...................... .... ........... 11 11'4041 
Gordon Clay ... ....... ......... .. ... .. ... ............ -1 15,051 
Woodrow Clay............... .... ... .... ............ 5,0741\ 
Oasis Clay .... .............. ........ .. .................. 27,9411 
Woodrow Clay Loam .... .......... .. ......... ... 11 8,4631 
Oasis Silty Clay Loam ........................ 14,5901 
Cache Silty Clay Loam .............. .......... 10,547 
Oasis Fine Sandy Loam ....... ... ... ....... .. 13,4371 
Table 7. (Continued) 
Vi rgin Non· Old Recent Virgin Abandoned Abandoned 
Acres I % II Acres I % II Ac res I T01al I ~O~~l: II I\cres I T~al I ~o~on: II I . 0 Vlrgm Vlrgm 
1932 
2,398 21.0 1 9,006 1 79 .0 \\ 1,507! 14.0\ 17.81\ 1,733115.21 19.3 
3,172 21.1 1 11,879 \ 78.9\ 1,911 12.71 16.1 \1 2,679 17.8 22.5 
4381 8.61 19.6 2,844 56.0 2,2301 44.0: 580 11.2 26.0 
7,5011 26.8 20,440 73.0 5,1131 18.3 24.9 3,297111.8 16.1 
1 
1 5,708167.411 1,2611 14.9 1,595 18.81 28.01 2,755 32.6 22.2 
4,992 34.21 1,663/11.41 17.3 9,598 [ 65.8 11 3,2971 22.61 34.3 
7,960/ 75.5 11 1,9931 18.9 25.01
1 
1 1 
2,587 24.5 1,0441 9.91 13.1 
4,1971 31.2 1 9,240/ 68.811 2,5531 24.0 / 28.0/ 1,614 12.0 / 17.5 
Cultivated 
Acres 
% % Non· 
Total Virgin 
5,6761 49.81 63.0 
7,2891 48.4 60.8 
·1,212 23.9 54.3 
12,030 43.1 58.9 
2,856 33.71 50.0 
4,638 31.81 48.3 
1 
4,923 46.7161.8 
5,0731 37.8 54.9 
TOTAL .... ... ....... .................... J 106,507 /1 30,446/ 28 .611 76,061 171.46 11 18,305 / 17.21 24.1 /1 14,0591 13.2 / 18.51/ 43,6971 41.01 57.4 
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